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STRONGYLOCORIS BLANCHARD: SIX NEW SPECIES FROM 
NORTH AMERICA (HEMIPTERA, MIRIDAE) 

Harry H. Knight 

From the Department of Zoology and Entomology, Iowa State College 
Received June 29, 1938 

Only six species of Strongylocoris have heretofore been recognized 
from North America, but the present paper raises the total number to 
twelve. Eight species and certain varieties are recorded from the Palearctic 
region, making a total of twenty species known for the world. 

This genus of Mirid bugs is composed chiefly of black, shining species, 
all of which have a rather similar aspect. This similarity of form has made 
the determination of species difficult, except when reference is made to 
structure of the male genitaha. The present study of the male claspers has 
enabled the author to separate the species without difficulty, except in the 
case of certain female specimens. Slight variations have been found in the 
number of spines on a clasper as shown for S. stygicus Say (Plate 1, fig. 1) , 
but the general form of both claspers, when considered together, give 
distinctive characters for the separation of the species. 

Strongylocoris breviatus new species 

Allied to stygicus Say but distinguished by the yellowish first and 
second antennal segments, the latter with distinct black band at base; male 
genital claspers distinctive of the species (Plate 1, fig. 3) . 

Male. Length 4.3 mm., width 2 mm. Head: width 1.06 mm., vertex 
.56 mm. Rostrum, length 1.05 mm., just reaching to base of middle coxae, 
black. Antennae: segment I, len^h .35 mm., yellowish brown, blackish 
on base; II, 1.3 mm., brownish to Hack, brownish on basal half and black 
on base; III, .95 mm., blackish; IV, .47 mm., blackish. Pronotum: length 
.91 mm., width at base 1.51 mm. Hemel 5 rtra with costal margin moderately 
arcuate. Dorsum finely and closely rugulose punctate, sparsely clothed 
with short pale pubescence, more apparent on lateral margins of heme- 
lytra, the paracuneus with three or four long hairs. 

General coloration deep black, shining; femora black, apices yellow- 
ish, tibiae yellowish, apices and more or less on basal half of hind pair 
fuscous; tarsi yellowish, the apical segment black. 

Female. Length 4.1 mm., width 2.2 ^m.; hemelytra more sharply 
arcuate than in the male. Head: width 1.2 mm., vertex .64 mm. Antennae: 
segment I, length .36 mm., yellow, base black; II, 1.17 mm., yellow, apical 
one-fourth and narrow ring at base, blackish; III, .86 mm., black, yellowish 
at base; IV, .44 mm., blackish. Coloration of the second antennal segment 
distinctive of the species. 

Holotype: S July 2, 1926, Washington, D. C. (H. H. Knight) ; author’s 
collection. Allotype: same data as the type. Paratypes: 23 ^ , taken 

with the type on Solidago sp. DISTRICT OF COLUMBIA— 7 5 9 June 
24, 3 $ June 30, 2 6 July 8, 1926, Washington (H. H. Knight) . ILLINOIS 
^ 2 9 July 17, 1883, Anna (C. A. Hart) S July 5, 1932, Antioch (Frison 
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et al) . $ Aug. 25, 1925, Beech (T. H. Frison) . 27 d $ June 25, 1932, 
Browns, on Solidago (Ross, Dozier, Park). S Jime 12, 1933, Bureau 
(Mfdu' and Townsend) .2^4$ July 2, 1932, Castle Rock, Grand Detour 
(Dozier and Mohr) . $ June 5, 1889, Chanqmign (C. A. Hart) . 2 9 June 
14, 1933, Dolson (Frison and Ross) . 22 ^ 9 Jime 30, 1932, Galens (Dozier 
and Mohr) . $ June 22, 1932, Golconda (Ross and Dozier) . 9 June 24, 
1932, Her^ (Ross, Dozier, Park) . S May 21, 1932, Makimda (Dozier) . 
g June 14, 1933, Marshall (Frison and Ross) . i July 2, 1906, Mt. Carmel 
(C. A. Hart). 3^29 June 14, 1930, Oakwood (Frison). 9 July 9, 1925, 
Oregon (Ft^n) . 2 9 May 29, 1907, Pulaski (Hart) . g June 25, 1932, 
iSiawneetown (Ross and Dozier) . g June 9, 1885, Urbana (C. A. Hart) , 
on Helianthus. 2 $ Jime 26, 1932, West Union (Ross and Dozier) . MARY- 
LAND— 9 July 17, 1926, Glen Echo (H. H. Kni^t) . MASSACHUSETIS 
— ^ 9 July 7, 1928, Sherbom (C. A. Frost) . MAINE — 2 9 July 10, Mud- 
dybemos; 9 Jime 15, 1922, Orono (R. J. Sim) . MINNESOTA — g July 2, 
1923, St. Anthony Park; 9 Aug. 10, 1922, Cramer; 12 £ 9 Aug. 15, 1922, 
Isabella River, Lake Co.; 6^9 Aug. 20, 1920, Two Harbors (H. H. 
Knight). 9 June 20, 1923, Norman Co.; 2g July 21, 1922, Minnetonka 
Lake; 9 Aug. 2, 1921, Cloquet (A. A. Nidiol) . g June 28, 1921, Henn^in 
Co. (A. T. Hertig). 9 July 19, 1921, Princeton (W. E. Hoihnann). 
MONTANA— 3 July 23, 1912, Bozeman. NEW YORK— 27 3 9 July 8, 
1920, Ithaca (H. H. Knight), taken on Solidago altissima with nymphs. 
3 July 24, 3 July 26, 1916, Ithaca (H. H. Kni^t). 3 Jime 28, 3 July 26, 
1914, 2 3 Aug. 5, 3 Aug. 12, 3 Aug. 13, 9 Aug. 19, 1915, Batavia (H. H. 
Kni^t) , on Solidago. 3 9 July 27, 1916, McLean (H. H. Knigdit) . NEW 
HAMPSHIRE— 3 June 30, 1929, Hampton (S. A. Shaw). PENNSYL- 
VANIA— 3 June 28, 1919, Hartstown (D. M. Delong). WYOMING— 
3 Aug. 17, 1927, Ten Sleep (H. H. Kni^t). CANADA— ALBERTA: 
9 3 9 Aug. 17, 1924, Slave Lake (O. Bryant) . NOVA SCOTIA: 13 3 9 
July 30, 1929, Portaupique (C. A. Frost) . 

Strongylocoris atritibialis new species 

Distinguished from stygicua Say by the more arcuate hemelytra, 
black tibiae, and in structure of the male genital claspers. 

Male. Length 4.6 mm., width 2.4 mm. Head: width 1.21 mm., vertex 
.65 mm. Rostrum, length 1.12 mm., reaching to base of middle coxae. 
Antennae: segment I, length .34 mm.; H, 1. 26 mm.; Ill, 1.00 mm.; IV, .43 
mm.; black. F^notum: lengthl.l2 mm., width at base 1.77 mm. Hemely- 
tra with costal margin stron^y arcuate. Dorsal surface nearly ^brous, 
rugulose punctate, sparsely clothed with fine, short pubescent hairs, more 
evident on cuneus and embolium. General coloration deep black, mem- 
brane brownish black; legs black, tibiae and tarsi sometimes brownish 
black, but hind tibiae always black. Genital cla^ers distinctive of the 
species (Plate 1, fig. 6) . 

Female. Length 4.5 mm., width 2.5 mm.; embolar margins more 
strongly arcuate than in the mtde. Head: width 1.3 mm., vertex .78 mm. 
Antennae: segment I, length .35 mm.; H, 1.21 mm.; HI, .95 mm.; IV, .40 
mm. Pronotum: length 1.12 mm., width at base 1.86 mm. More robust 
than the male but very similar in coloration. 

Holotype: g « June 23, 1920, Ithaca, New York; author’s collection. 
Allotype: same data as the type. Paratypea: g 9 , tidcen with the types. 
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COLORADO — 4 d 5 $ August 11, 1925, Ute Creek Ranch, Fort Garland 
(H. H. Elnic^t). S June 12, s Jime 28, 1900, Fort Collins; 8^9 Aug<ist 
19, 1898, Dixon’s Canyon, Fort Collins (E. D. Ball). CONNECTICUT— 
9 June 27, 1920, Kiiu^gworth (W. E. Britton) . 9 June 22, 1920, Orange 
(P. Gaixoan) . DISTRICT OF COLUMBIA— 10 $ 9 June 24, 9 June 30, 
2 9 July 2, 1926, Washington (H. H. Kni^t) . ILLINOIS— $ July 7, 1909, 
Algonquin (Nason) . 8 d 10 9 June 10, 1932, Antioch (Mdir and Town- 
send) .3^89 July 5-7, 1932, Antioch (Frison et al) , 2 9 June 12, 1936, 
Antioch (Ross and Burke) . ^ June 25, 1932, Browns (Ross, Dozier and 
Park). 9 July 2, 1932, Castle Rock, Grand Detour (Dozier and Mohr). 
$ June 8, 1931, Qiarleston (Frison) .5^29 May 17, 1932 (H. L. Doider) . 
$ May 22, 1916, d 5 9 May 12, 1916, Dongola (C. A. Hart) . 9 June 25, 
1932, Rocky Brandi, Dolson (Frison and Mohr) . $ July 6, 1917 (C. A. 
Hart) ; S May 27-31, 1932 (H. L. Dozier) . S May 15, 1932, Fountain Bluff 
(Friron, Ross and Mohr). 2^29 June 30, 1933, Galena (Dozier and 
Mohr). 9 June 28, 1893, 2 ^ July 7, 1892, Galesburg (Stromberg) . s June 
10, 1936, Grays Lake (]^ss and Burke) . 9 May 31, 1933, Havana (C. A. 
Mohr), i May 29, 1936, Herod (Ross and Mohr), g 9 June 9, 1933, 
Joliet (Mohr and Townsend). 2 9 May, 1932, Makanda- (Dozier and 
Mohr) . g May 24, 1914, Muncie (C. A. Hart) . g 9 May 25, 1932, Pulaski 
(H. L. Dozier) . 9 May 27, 1928, Shawneetown (T. H. Frison) . 2 9 June 
4, 1932, Sheldon (Frison and Mohr) . 2 g June 4, 1932, St. Anne (Frison 
and Mord) . 2 9 June 11, 1936 (Ross and Burke) ; 2 9 July 15, 1926 (T. H. 
Frison). IOWA — 16 g 9 June 4, 1926, 2 9 June 9, 1925, 20 ^ 9 June 18, 
1925, Ames (H. H. Knight). KENTUCKY— 9 May 12, 1921, Lexington 
(K. S. B.) . MASSACHUSETTS— 9 July 7, 1928, Sherbom (C. A. Frost) . 
MINNESOTA — g June 12, 1922, Faribault; g June 25, 1921, Madison; 
^29 June 28, 1921, Olivia; 3^59 July 2, 1923, St. Anthony Park (H. H. 
Kni^t). g June 18, 1922 Minneapolis; g June 25, 1922, Ramsey Co.; 
g 9 June 28, 1921, Hennepin Co. (A. T. Hertig) . g 9 July 10, 1920, Mor- 
rison Co.; 9 June 21, g June 24, 1921, Owatonna (A. A. Nidiol). 
MISSOURI — g29 May 16, g May 23, Glencoe; 9 Jime 19, 1937, St. 
Louis (R. C. Froesdmer) . Nl^ JERS^ — g 9 June 2, 1925, Campgaw 
(F. M. Schott) . NEW YORK— 9 June 14, 1915, g July 12, 1914, Batavia; 
9 July 7, 1920, Ithaca; g June 27, 1915, Portage; g Jmy 3, 1920, McLean 
Bogs, Tompkins Co. (H. H. Kni^t) . 9 Jime 14, 1919, M^te Plains ( J. R. 
Torre-Bueno) . NORTH CAROLINA — g June, 1907, Hendersonville (F. 
Sherman). 9 June 200, 1916, Swannanoa (R. W. Leiby). NORTH 
DAKOTA — ^ 2 9 July 14, 1920, IGdder Co. (A. A. Nidiol) . SOUTH 
DAKOTA— 9 July 29, 1927, Deadwood (H. H. Kni^t). g 9 June 12, 
1923, Brookings; g June 23, 1923, Philip (p. C. Severin) . OHIO — g July 
17, 1926, Wilmington (S. A. Watson). PENNSYLVANIA— 7 g 9 June 8, 
1921, 6^9 June 7, 9 June 8, 1923, Chambersburg (J. R. Stear) . 2 9 
June 17, 1917, Charter Oak (J. N. KnuU). TENNESSEE— 9 May 15, 
1917, Knoxville, (Geo. G. Ainslie). WASHINGTON— 2 « 1 9 July 6, 
1937, Dayton (R. E. Miller). WYOMING— 9 July 16, 1920, Yellowstone 
National Park (A. A. Nichol). 46 ^ 9 August 7, 1927, Shoshone Natiogal 
Forest (HH. Knight). CANADA— ALBERTA: g July 31, 1921, 9 July 
29, g August 6, Nordegg (J. McDonnough) . ONTARIO: 4 3 9 July 10, 
1915, Parry Sound (H. S. Parish). 
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Strongylocoris paUkUcomis new species 

Allied to atritibidUa as indicated by the structure of the male genital 
clasts but (hffers in die longer second antennal segment whidi greatly 
exceeib the width of head across esres; first and second antennal segment 
and all three pairs of tibiae, pale. 

Male. Length 4.55 mm., width 1.9 mm. Head: width 1.08 mm., vertex 
.56 mm. Rostrum, length 1.12 mm., reaching to middle of intermediate 
coxae, blackii^, middle one-third yellovrish. Antennae: segment I, length 
.34 mm., yellowish, fuscous on base; H, 1.25 mm., pale to yellowish, i^- 
quently fuscous on apical one-fifth; HI, .91 mm., blackish, narrowly pale 
at base; IV, .47 mm., fuscous. Pronotum: length .91 mm., width at base 
1.55 mm. Hemelytra with costal margin only very sli^tly arcuate. Dor- 
sum sparsely clothed with moderately short, brownish pubescent hairs, 
more prominent on emboliiun and lateral margins of pronotiun. General 
coloration black, diining, dorsum rather thickly rugulose punctate; mem- 
brane brownish black, paler apically. Legs black, apices of femora and 
coxae, tibiae, and tarsi except apical segment, pale to yellowish. Genital 
clas^ers rather similar to those of atriiihialis, but terminal portion of ri^t 
clasper somewhat different (fig. 5) . 

Female. Length 4.2 mm., width 2.2 mm.; embolar margins more 
arcuate than in the male, but not so strongly arcuate as in atnUhialia; 
antennae and legs more broadly pale than in the male. Head: width 1.12 
mm., vertex .62 mm. Antennae: segment I, length .35 mm., pale yellowish; 
n, 1.12 mm., pale yellowi^, sli^tly fuscous on apex; III, .82 mm., fuscous, 
narrowly pde at base; IV, .39 mm., fuscous. Pronotum: length .91 mm., 
width at base 1.6 mm. 

Halotype: S August 19, 1927, Custer, South Dakota (H. H. Kni^t) ; 
author’s collection. Allotype: July 27, 1927, Custer, South Dakota (H. H. 
Kni^t) . Paratypes: 1^1$ July 27, 3^39 August 19, 1927, Custer, 
Soudi Dakota (H. H. Kni^t) . COLORADO — 3 £ 1 9 August 7, 1925, 
Stonewall, alt. 8,500 ft., near Trinidad (H. H. Kni^t) . S August 11, 1925, 
Ute Creek Ranch, Fort Garland (H. H. Kni^t) . 12 ^ 4 9 August 19, 
1898, Dixon’s Canyon, Fort Collins (E. D. Ball). WYOMING — 3^49 
July 20, 1920, Yellowstone National Park (A. A. Nichol). NORTH 
DAKOTA — 2 9 July 19, 9 August 4, 1923, Trail Co. (A. A. Nichol) . $ 
July 12, 1920, Cass Co. (A. A. Nichol) . MINNESOTA— S June 20, 1921, 
New (H. H. Kni^t) . S Jime 21, 9 Jime 25, S July 20, 1923, Nor- 
man Co. (A. A. Nichol) . 3 9 July 25, 1921, Eagle Bend (A. A. Nichol) . 

Strongylocoris hirtus new species 

Distinguished from allied species with erect pubescence by the longer 
second antennal segment which exceeds width of head across eyes; tibiae 
and first antennal segment pale; male genital claspers distinctive (Plate 1, 
fig. 4). 

Male. Length 4.6 mm., width 2.2 nun. Head: width 1.12 mm., vertex 
.56 mm. Rostrum, length 1.12 mm., just reaching to base of middle coxae; 
black, third segment except base and basal half of fourth segment, pale. 
Antennae: segment I, length .38 mm., pale, base fuscous; n, 1.43 mm., 
black, basal onO^fifth pale; HI, .86 mm., black; IV, .47 mm., black. Prono- 
tum: length .98 nun., width at base .165 mm. Hemelytra with costal margin 
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moderately arcuate on distal half. Clothed with thickly set, erect, golden 
brown to blackish pubescence. 

General coloration black, sli^tly shining; legs black, tibiae, tarsi 
except apical segmeht, and apices of femora, pale, tibial spines fuscous. 

Feniale. Length 4.3 mm., width 2.4 mm. Head: width 1.12 mm., ver- 
tex .60 mm. Antennae: segment I, length .35 mm.; H, 1.21 mm., pale, 
apical one-fourth blackish; III, .74 mm.; IV, .43 mm. More robust than the 
x^e but very similar in color and pubescence. 

Holotype: S July 1, 1929, Ames, Iowa (H. H. Knight); author’s 
collection. Allotype: taken with the type. Paratypes- 39 ^ $ , taken with 
the types on Silphium perfoliatum L. which is the host plant. 12 ^ $ July 
13, 27 ^ 9 July 18, 1927, 47 ^ 9 June 21, 1928, 8^9 July 11, 1929, 54 ^ 9 
July 2, 1930, ^ 3 9 Jxme 24, 1931, Ames, Iowa (H. H. Kni^t) , all collected 
on SUphium perfoliatum. S3 9 July 5, 1927, Ames Iowa (H. G. Johnston) . 
ILLINOIS—^ June 14, 1931, Charleston (H. H. Ross). S June 5, 1932, 
Hardin (H. L. Dozier) .4^19 June 14, 1930 (T. H. Frison) , on Silphium. 
S 9 June 26, 1932, West Union (Ross and Dozier). KANSAS — S July, 
Topeka (Popenoe). 

Strongylocoris ambrosiae new species 

Allied to hirtus but readily distinguished by the smaller size, black 
antennae with shorter second segment, and in structure of the male 
genital claspers. 

Male. Length 3.7 mm., width 1.5 mm. Head: width .92 mm., vertex 
.48 mm. Rostrum, length .87 mm., reaching upon base of middle coxae. 
Antennae: segment I, length .23 mm.; II, .82 mm., not equal to width of 
head; III, .60 mm.; IV, .30 mm. Pronotum: length .69 mm., width at base 
1.3 mm. Hemelytra with costal margin only very slightly arcuate. Dorsum 
thickly clothed with erect, brownish black pubescent hairs. General 
coloration black, moderately shining; tibiae and tips of femora pale to 
yellowish, tarsi fuscous to black, scarcely paler on base. Genital claspers 
distinctive of the species (fig. 2) . 

Female. Length 3.5 mm., width 1.8 mm. Head: width .99 mm., vertex 
.56 mm. Antennae: segment I, length .22 mm.; II, .92 mm.; Ill, .65 mm.; 
IV, .30 mm. Pronotum: length .78 mm., width at base 1.4 mm. Hemelytra 
with costal margin more arcuate but very similar to the male in color and 
pubescence. 

Holotype: male, August 24, 1927, Emery, South Dakota (H. H. 
Knight) ; author’s collection. Allotype: taken with the t 5 ^. Paratypes: 
46 ^ 9 , taken with the types on Ambrosia psilostachya. IOWA — 9 May 
22, 1936, Ames (G. Bleasdell) . 2 S Ma3r29, 1936, Ames (H. H. Kni^t) . 
TEXAS— 2 ^ 3 9 September 28, 1930, Amarillo (S. E. Jones). KANSAS 
— 9 July 6 (Popenoe) ; 9 July 2, 10 ^ 9 August 17, 9 August 18, Riley 
Co. (G. A. Dean) .4^9 August 31, Wallace Co. 

Strongylocoris albibatds new species 

Distinguished from known species by the small size and white base of 
vertex; male genital claspers distinctive of the species (Plate 1, fig. 8) . 

Male. Length 3.3 mm., width 1.6 mm. Head: width .82 mm., vertex .4 
mm.; basal edge of vertex bluntly carinate, white. Rostrum, length .86 
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mm., extending to tip of intermediate coxae. Antennae: segment I, length 
.22 mm., black, tip pue; II, .90 mm., black; IH, .61 mm., bla^ IV, .35 mm., 
black. Pronotum: length .69 mm., width at base 1.25 mm. Hemelytra with 
costal margin only sli^tly arcuate. Dorsum finely rugulose punctate, 
shining, spusely doth^ with diort pale pubescence. 

General coloration shining blade, b^ of vertex and posterior mar- 
gins of eye, white; legs black, tips of femora pale, tiUae ^e, bind pair 
mack, sometimes sli^tly paler on apical half; tarsi blade, scarcely paler 
atbaw. 

Female. Length 3 mm., width 1.7 mm.; hemelytra with costal margin 
rather strongly arcuate. Head: width .86 mm., vertex .47 mm.; base of 
head white as in the male. Antennae: segment I, length .21 mm.; n, .78 
mm.; HI, .56 mm.; IV, .30 mm. More robust than the male but very similar 
in color and pubescence. 

Hclotype: $ June 2, 1926, alt. 4,500 ft. Tombstone, Arizona (A. A. 
Nidiol) ; author’s collection. Allotype: same data as the type. Paratypes: 
4il9, taken with the types. 


PLATE I 

Explanation of figiu’es 

Male genital claspers of Strongylocoris. a. left clasper, postero-lateral aspect, 
b. right clasper, postero»lateral aspect. b\ variation in apex of right clasper. 

Fig. 1. Strongylocoris stygicus Say. 

Fig. 2. Strongylocoris ambrosiae n. sp. 

Fig. 3. Strongtfiocoris hreviatus n. sp. 

Fig 4. Strongylocoris hirtus jl sp. 

Fig. 5. Strongylocoris paUidicomis n. sp. 

Fig. 6. Strongylocoris oMtihialis n. sp. 

Fig. 7. Strongylocoris croceipes Uhl. 

Fig. 8. Strongylocoris alhihasis n. sp. 

Fig. 9. Strongylocoris atratus Uhler, drawn on reduced scale, from the type in the 
Califoxnia Academy of Sciences. 
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THE FORMATION OF VITAMINS A, Bi, AND C IN LEMNA GROWN 
IN THE ABSENCE OF ORGANIC MATTER 

Nouum a. Clare, B. H, Thomas, ahd E. E. Riabm* 

From the Department of Chemietry, Iowa State College 
Received June 30, 1938 

Hie effect of organic material on growth and reproduction of green 
jdants has been studied for many years. From early work on the amoimt 
of crops produced, to recent investigations on plant hormones, the sub- 
ject h^ received constant attention, but comparatively little wwk has 
been done on the effect of organic matter on the formation of vitamiiu 
in the plant, or on conditions which may affect the quality of crops in this 
respect 

The question of the effect of organic matter on the vitamin content 
of grains was first raised in India, when an investigation was made to 
determine if the quantity of vitamin in plants was increased by the pre- 
sence and availability of organic matter in the soU. Ibis question is- of 
major importance to a country in which a large proportion of the food 
is derived ^m grains, especiaUy in view of the increasing use of inorgan- 
ic fertilizers, and is of considerable interest to investigators of vitamins' 
and of agricultural products. 

McCarrison (17) in southern India foimd the quantity of vitamins in 
grains (particiilarly the B complex and to some extent vitamin A also) 
varied considerably. The variation seemed to be correlated with the 
organic matter available to the plant. Viswa Nath (21) came to the con- 
clusion either that bacteria synthesized vitamins from organic matter 
and passed them on to the phmt, or that the microorganisms produced 
substances which stimulated the formation of vitamins within die plant. 
On the other hand, at the Ohio Experimental Station, the findings of 
Hunt (15) seem to indicate no correlation between the presence of the 
vitamin and the supply of organic matter. He checked the amount of the 
vitamin B complex in wheat grown on plots that had been treated for 35 
years with different kinds of fertilizers, and foimd little influence due 
to the treatments. A variation occurred, but it seemed to be attributable 
more to climate than to fertilizers or organic matter. 

A somewhat similar theory to that of Viswa Nath’s had been sug- 
gested by Bottomley and Mockeridge fifteen years earlier. Bottomley 
(4) , soon after the essential nature of vitamins in animal life was recog- 
nized, introduced the idea of plant vitamins or auximones. According to 
this theory it was necessary to supply the organic auximones in order to 
obtain normal functioning of the plant, and Mockeridge (18) conduded 
that the more bacterial decomposition Acre was in organic manures, the 
more auximeme was formed. ^ 

Ihe claim that these organic substances were essential for the groi)^ 
and reproduction of all grera plants was shown by Clark and Roller (8) 

* Part of Ibis invectlgatioB waa made possible by a grant from the Rockefdler fluid 
R e asare h Fund of Iowa State College. 


m 



10 


N. A. CXARK, B. H. THOMAS AND E. 


S.^AHM 


to be without foundation, and this was confirmed by Saeger (19) and 
other investigators. Clark and Roller showed that the green plant Lemna 
would reproduce in inorganic solutions, in the absence of both organic 
matter and microorganisms. However, in some cases there were de&iite 
effects on growth and reproduction of Lemna from the addition of organic 
matter to 3ie nutrient medium in which the plant was growing, especially 
in the presence of bacteria and other microorganisms. 

Recently it has been demonstrated that plants themselves produce 
certain organic substances (auxins) which are essential for their life pro- 
cesses (16, 22). These may behave as plant hormones, being produced 
and transported in the plant itself, as is the case with hormones in the 
animal body. The auxins were at first believed to be few in number and 
specific in their action, but further investigation disclosed many sub- 
stances which acted in a similar way (14). Further, when extracted 
auxins, or similar synthetic compounds, were supplied to the plant — ^for 
example, by injection, or by means of the soil or nutrient solution — in- 
creased growth or reproduction occurred, causing curvature of coleop- 
tiles, bending of plant stems, or growth of adventitious roots. 

It seemed logical that substances like the vitamins, which occurred 
so frequently in plants, should have some specific function in plant life. 
From one point of view, the value of these vitamins is that they are essen- 
tial to animals, but plants would not produce them for that purpose, 
although animals may have evolved so as to make use of the vitamins 
produced. A number of the vitamins have been tested as plant growth- 
promoting substances and found to have a definite effect on growth. For 
example, van Hausen (12) reported that the addition of vitamin C to pea 
cultures caused an increase in dry weight, and exerted a marked influ- 
ence on yoimg plants. Bonner (3) came to the conclusion that vitamin Bi 
was as necessary for plant growth as it was for the normal growth of 
animals. 

Bonner suggests that all the various organic substances which have 
definite beneficial effects on plant growth or reproduction should be 
classed as ^plant vitamins’. This would include the auxins or plant hor- 
mones, some or all of the animal vitamins, the ‘bioses’ of yeast, ‘panto- 
thenic’ acid and others. He also suggests that all plants may be classified 
as heterotrophic or autotrophic. To the first group, plant vitamins must 
be supplied; to the second, no organic material need be given, as the plant 
synthesizes its own. How many green plants are completely autotrophic 
is not known. 

Lemna major seems to be definitely autotrophic. It has been used by 
one of the authors (N. A. C.) for several years in investigations on the 
effect of organic matter on reproduction and growth (6) . This plant can 
produce flowers, but it usually buds asexually. It has been grown success- 
fully, not only in soil solutions, but in entirely inorganic media, with and 
without microorganisms, and under artificial li^t, as well as in sunlight. 
The Lemna has passed through hundreds of generations, quite free from 
organic matter or bacteria, both in the media and in the plant itself. It 
was therefore possible to determine whether a plant so produced would 
contain any vitamin at all, and to make some attempt at comparison with 
the content of siniflar plants grown under more normal conditions. 
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VITAMIN A 

Four groups of rats were given a diet deficient in vitamin A until their 
wei^ts either remained stationary for several days or began to decrease 
markedly. Frequently the early ssrmptoms characteristic of vitamin A 
deficiency were observed. After satisfactory depletion, three of the 
groups were fed Lemna as a supplement, while the fourth group served 
as a control. When the basal ration was supplemented with Lemna grown 
in a soil*water medium (with ample organic matter available and with 
no attempt to control microorganisms) , the deficiency in the diet was cor- 
rected *nie xerophthalmia cleared up rapidly and the rats regained health 
and added weight. Lemna grown in inorganic nutrient media (specially 
purified salt solutions, in the absence of all microorganisms) , and through 
a long series of generations, was fed in the same way and was equally 
potent in meeting the deficiency. Details of these experiments were pub- 
lished earlier (6, 7) . 


VITAMIN Bi 

The first attempt to find vitamin Bi in the Lemna was made with 
Drosophila melanogaster, as the B complex had been reported essential 
in the life cycle of the fly, and considerably less material would be re- 
quired than for rat feeding. The attempt, however, was not successful. If 
it had been feasible to produce the sterile larvae on synthetic media, add- 
ing the Lemna or its extract to provide the vitamin, a considerable amount 
of time would have been saved. To obtain a supply of Lemna, free from 
microorganisms and sufficient to feed groups of rats, necessitates drying 
and storage of the plants, and this treatment has some influence on the 
quantity of the vitamin, as noted in the experiments with vitamin A (7) . 

As the experiment with the Drosophila were iinsuccessful, it was 
necessary to prepare the larger quantities required for rats. One lot of 
plants was grown in the absence of microorganisms, in the inorganic cul- 
ture medium, with special precautions to exclude all organic matter. The 
plants were produced in Erlenmeyer flasks with cotton wool stoppers, col- 
lected once a week after checking for contamination, washed, dried and 
kept in the dark. These plants received light from Mazda lamps only, with 
the temperature held at 25°C. The non-sterile Lemna were produced in 
Erlenmeyer flasks or in large dishes in a soil-water mixture. These re- 
ceived sunlight, supplemented in winter with some artificial light. The 
plants were collected and dried in the same way as the others. 

Two series of tests were nm, about a year apart. Some vitamin Bx 
was expected in the Lemna, but it was impossible to estimate how much. 
The first series confirmed the expectation and indicated the approximate 
quantity. 

SERIES 1 

This series included 55 rats in groups, with litter mates separated in 
different groups. All were fed the Chase and Sherman (5) basal ration, 
diet 513, without Bi, imtil the body weights had dropped appreciably. As 
a positive control, 4 rats were then fed 200 mg. each per day non-auto- 
claved yeast. Recovery was rapid and growth continued until shortiy 
after the yeast was removed from the ration (fig. 1, curve 7) . 
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The negative control groups (fig. 1, curves 1 and la) , consisted of 12 
rats. These received as much as they would eat of the basal diet and 500 
mg. daily per rat of autoclaved yeast in which Bi had been destrosred. 
Six of these rats died before the end of the experiment and two others 
shortly afterwards (fig. 1, curve 1) . Each of the four remaining rats was 
given 50 mg. daily of the Bi International Standard, eqtial to 5 Interna- 
tional Units, and all recovered quickly (fig. 1, curve la) . There was no 
doubt that Bi was the controlling factor. 

The supplements were given to each rat daily, mixed with autoclaved 
yeast and fed by mouth with a graduated hypodermic S 3 rringe. Groups 
2, 3, and 4 (fig. 1, curves 2, 3, 4) received .25, .5, and 1 International Unit 
of Bi respectively. Those on .25 imit slightly more than maintained their 
weights; group 3, (.5 unit) , and group 4, (1 unit) , produced proportionate- 
ly greater gains. There was a rapid decrease in weight when ttie supple- 



Fig. 1. Average growth curves of groups of rats fed a vitamin Bi-free basal diet, with 
and without supplements. 

^ Supplement started. ^ supplement discontmued. 


Curve 1. 

“ la. 
“ 2 . 

“ 3. 

“ 4. 

“ 5. 

‘‘ 6 . 

“ 7. 


Negative control group 

Negative control — ^late supplement 5 International Units Bi daily per rat 

.25 International Unit Bi daily per rat 

.5 International Unit Bi daily per rat 

1 International Unit Bi daily per rat 

500 mg. 8teril% **inorganic” Lemna daily per rat 

500 mg. non-sterile, **8oil” Lemna daily per rat 

200 mg. non-autoclaved yeast daily per rat 
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ment was discontinued (fig. 1, curves 2, 3, and 4) . Curves 5 and 6, figure 1, 
represent the recovery of two rats, ea^ receiving 500 mg. per day of the 
Lemna grown under sterile conditions in inorganic solutions, and imder 
non-stei^e conditions in the soil-water mixture, respectively. The in- 
crease in weight and the return of muscular coordination showed the pre- 
sence of Bi in both cases, and the indication was that the larger amount 
of Bi was formed in the sterile Lemna which had received no organic 
matter. 

SERIES 2 

In the second series 23 rats were used. More Lemna was available, 
but it had been dried and stored for almost twice as long as in the first 
series, and some loss of the B] content was evident. The results of this 
test confirmed the preliminary experiment. The depletion ration of 
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Fig. 2. Average growth curves of groups of rats a vitamin Bi-free basal diet, with 
and without supplements. 

^ Supplement started. ^ sui^lement discontinued. 

Curve la. Negative control group— late sux^lement 

2. .5 International Unit Bi daily per rat 

3. 1 International Unit Bi daily per rat 

** 4. 2 Intemati<aial Units Bi daily per rat 

5. 250 mg. sterile **inorganic*’ Lemna daily per rat 

6. 500 mg. non-sterile, **8oil” Lemna daily per rat 

** 7. Non^autodaved yemat 
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Evans, Lepkovsky and Murphy (10) was used. Each rat was given daily 
500 mg. of autoclaved yeast and 50 mg. of cod liver oil, together with the 
supplement and a part of the basal ration. After this was consumed, free 
access was allowed to the basal ration. 

Curve 7, figure 2, shows the positive control group and the rapid in- 
crease in weight when non-autoclaved yeast was included in tiiie diet. The 
negative control group, curve la, at 48 days showed marked muscnilar 
incoordination, but this disappeared rapidly, and weight increased fol- 
lowing daily supplementation with 2 International Units per rat. Groups 
2, 3, and 4 received per rat .5, 1, and 2 imits of the Standard Vitamin Bi 
preparation, respectively. The growth curves are diown in figure 2, 
curves 2, 3, and 4. Group 5, consisting of 4 rats, received 250 mg. each of 
Ae dry sterile ‘inorganic’ Lemna; curve 5, figure 2, shows the rapid gain 
in average weight. The downward trend of curve 6 was arrested for a 
few days, following supplementation with 500 mg. of the non-sterile Lem- 
na from Ae soil mixture. When the supply of this Lemna was exhausted, 
the rate of weight loss became greater. In this connection an interesting 
comparison was made with alfalfa, dried and baled in Ae field. Nine 
hundred milligrams of this was needed i>er day per rat before a slight in- 
crease was found in the weight of vitamin Bi-depleted rats. 

The results ^of the two series point definitely to the fact that Lemna 
manufactures vitamin Bi whether supplied with organic matter or not. 
In these experiments the plant produced more of the vitamin when no 
orgamc matter was supplied and when no microorganisms were present, 
but with the small amounts of material involved the conclusion cannot 
be drawn that this always would be the case. Whether the Lemna is 
completely autotrophic would depend upon its behavior with this and 
oAer accessory substances, and while some work has been done along 
this line, vitamin Bi has not yet been tested. 

VITAMIN C 

Virtanen (20) grew peas in sterile culture and, from the action of 
vitamin C in increasing dry weight, drew the conclusion that the vitamin 
was a plant hormone. Vaui Hausen (12) found seedlings of peas, from 
seeds treated with vitamin C, increased their rate of growth, and Havas 
(13) reported similar results, but with decided variations in the effect on 
different plants. 

In the determination of vitamin C in Lemna several difficulties were 
encountered in the quantitative determination. The work was done a few 
years ago (Frahm, 11) , and no opportunity has presented itself to go fur- 
ther into the matter. There was no doubt, however, that the Lemna grown 
xmder sterile conditions, free of microorganisms and in the absence of all 
organic matter, did produce vitamin C, but whether more or less than 
non-sterile Lemna on soil-water mixtures was not determined. 

Investigation of the vitamin C content was carried out by chemical 
methods. Both iodine and 2, 6-dichlorophenolindophenol were used as 
oxidizing agents. The plant material was extracted according to the pro- 
cedure of Bessey and King (1) and Birch, Harris, and Ray (2) . Both 8 
per cent aqueoi^ solutions of hot acetic acid and of trichloroacetic acid 
were used, and both produced colored extracts from Lemna — ^reddii* 
from the ‘soil’ cultures and yellow from the sterile ‘inorganic’ cultures. 
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The colors were removed by the mercuric acetate treatment of Emmerie 
and van Eekelen (9). The reducing values averaged about four times 
greater for iodine thw for the dye. Results, however, were irregular, al- 
dious^ a considerable loss of the vitamin from storage was indicated. 

SUBO^ARY 

1. Lemna, grown in inorganic solutions, without organic matter, and 
in the absence of microorganisms, cured xerophthalmia and in- 
creased the weight of rats which had been restricted to a vitamin 
A-deficient diet. 

2. Lemna, grown imder the same conditions, produced vitamin Bi, 
as shown by the response of rats fed a vitamin Bi-deficient diet 
supplemented with the Lexnna. 

3. More vitamin Bi was formed in the Lemna grown under the ster- 
ile conditions without organic matter than in the plants in a sod- 
water solution containing microorganisms and organic material. 

4. Vitamin C was indicated in the sterile ‘inorganic’ Lemna by both 
iodine and 2, 6-dichlorophenolindophenol titrations.' 

5. In all three cases storage decreased the quantity of vitamin in the 
plants. 


LITERATURE CITED 

1. Bissey, O. a., and C. G. King 

1933. Jour. Biol. Chem 103:687-6^. 

2, Birch, T. W., L. J. Harris, and S. N. Ra^ 

1933. Nature. 131:273-274. 


3. Bonner, J. 

1937. Bot Review. 3:616-640. 


4. Bottomlet, W. B. 

1917. Proc. Roy. Soc. London. 89B: 481-507. 


5. Chase, E. F., and H. C. Sherman 

1931. Jour. Amer. Chem. Soc. 53:3506-3510. 


6. Clark, N. A. 

1924. Ind. Eng. Chem. 16:249-250. 1925. Jour. Phys. Ch^ 29:935-941. 

1926. Plant PhysioL 1:273-279. 1932. Iowa State ColL Jour. Sci. 7:13-16. 

1935. Jour. Amer. Soc. Agron. 27:100-103. 

7. Clark, N. A, and B. H. Thomas 

1934. Science. 79:571-572. 

8. Clark, N. A, and E. M. Roller 

1931. Soil Sci. 31:299-309. 

9. Eboisrxe, a, and M. van Eekelen 

1934. Biochem. Jour. 28:1153-1154. 

10. Evans, H. M., S. Lepkovsky, and E. A. Murphy 

1934 Jour. Biol. Chem. 167:429-437. 

11. S^UHM, E. E. 

1935. Thesis, library, Iowa State College. 

12. VAN Hausen, S. 

1935. Nature. 196:516. 



16 


K. A. CLARK, B. H. THOMAS AMD B. B. VBAHM 


13. Havas, L. 

1835. Natuie. 136:435. 

14. HncBcocx, A. E., ams P. W. Zhosibiiar 

1835. B<^ce lliompson Inst 7:447-476 

15 Hijmt, C. H. 

1927. Ohio Agr. Ei^. Sta. BuL 415. 

16. K5ol, F., ams H. EHXI.IBWN 

1934. Zeit. HiysioL Chem. 227:51-73. 

17. McCAmiBON, R. 

1926. Indian Jour. Med. Res. 14:351-378. 

18. MocKEBmoE, F. A. 

1924. Ann. Hot. 38:723-734. 

19. Saegeb, a. 

1925. Jour. Gen. Physiol. 7:517-526. 

20. VlRTANER, A. L 

1936. Nature. 137:779-780. 


21. ViswA Nath, B. 

1932. Some aspects of plant nutrition. Agr. Res. Inst. Coimbatore. 

22. Wemt, F. W. 

1935. Bot Review. 1:162-182. 



A METHOD FOR RECORDING EVAPORATION FROM A POROUS 

ATMOMETER CUP^ 

L. A. Richabos and M.B. Russiu.’ 

From the SoUe Subaection, Iowa Agricvltural Experiment Station 
Received October 15, 1938 

A continuous record of the amoiint and rate of evaporation is useful 
in the study of various water relations for plants and soil. Evaporation 
from a porous atmometer cup integrates to some extent die effects of 
radiation intensity and air velocity, humidity, and temperature and con- 
sequently, these cups have come into common use (4). Chalkley and 
Livingston (1) have described a method for automaticc^y recording the 
rate of evaporation from a porous cup. Their apparatus simply records 
the pressure drop across a flow resistance, inserted in the line between 
the supply water reservoir and the porous cup. Christensen, Veihmeyer 
and Givan (2) have shown that at constant temperature &e pressure 
drop across such a resistance is accurately proportional to the evapora- 
tion rate, but that appreciable corrections must be applied to compensate 
for viscosity changes that accompany ordinary temperature fluctuations. 

Morris and Durrell (5) have devised a recording atmometer that is 
extremely simple to construct and gives directly the cumulative curve 
for the evaporation from a porous cup. With their instrument the record- 
ing pen is attached to a metal float and thus records directly the level of 
the water in the atmometer supply reservoir. It is difficult, however, to 
obtain with appreciable accuracy a record of the evaporation rate from 
such a curve. 

The authors here describe the use of a recording drop counter for 
measuring the flow of water to an atmometer cup. The operating prin- 
ciple for fliis flow meter which has been described elsewhere (3, 6) con- 
sists in causing water enroute from the reservoir to the atmometer to 
form in drops at a dropper tip located in a kerosene filled chamber. By 
means of direct meclumical coupling (6) the time at which each drop falls 
from the dropper tip is recorded on a chronograph. These drops then pass 
downward through the kerosene-water interface and on to the atmometer 
cup. 

The effects of temperature and flow rate upon drop size have already 
been described (3) . Temperature effects are relatively small, being less 
than one per cent decrease in drop size for a rise in temperature of five 
degrees Centigrade. The dependence of drop size on flow rate is more 
serious and requires the use of a calibration curve. Inconvenience from 
this source, however, may be minimized in certain graphical treatments 
of the data. In a greenhouse study (7) where this tsq>e of flow gauge was 
used to give a continuous record of atmometer-cup evaporation-rate, the 

’Contribution from the lovra Agricultural Experiment Station, Journal Paper 
No. 588. Project 553, Ames, Iowa, in cooperation with the Soil Conservation Service 
Ibqieriment Station, Clarinda, h>wa. 

Tleseardi Assodate Prafessor of Soila and Research Fellow, respectively, R>wa 
Agricultural Experiment Station, Ames, Ibwa. 
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thus show the hourly average evaporation rate. No corr^ion was made 
for the effect of temperature or flow rate on drop size. 

For the period of record it is seen that the minimum evaporation rate 
usually occurred between 3 and 6 o’clock in the morning and the maxi- 
miim evaporation rate usually occurred between 3 and 6 o’clock in the 
afternoon. Because of the many factors affecting evaporation there is no 
close relation between the daily maximum air temperature and maximum 
evaporation rate or total evaporation for the day. The graph shows that 
usiuJly there occurred intermediate minima in the evaporation rate some 
time l^tween sundown and midni^t. 

Rainfall periods as determined from recording rain gage records are 
shown as rectangular cross-hatched areas imder the time axes in the 
figure. No provision was made to prevent rain water from entering the 
porous cell. It is interesting to note that the drop coimter recorded very 
appreciable amounts of evaporation during periods when the recording 
rain gage charts indicated continuous rain. The authors know that the 
sharp rise in the evaporation rate which occurred during the more or less 
continuous four-hour rain of August 7 was occasioned by the abrupt be- 
ginning of a hard wind, because at that time they got out to repit^ the 
tent in which they had been sleeping. 

The authors plan to obtain continuous records of water loss from 
plants by feeding nutrient solution through a drop coimter to plants 
growing in liquid culture in a sealed root container. 
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Altfaouc^ the alternating current discharge has' been known for 
almost as long as the D. C. type, it is so complex that no theory has yet 
appeared which satisfactorily explains all the observed phenomena. F^or 
&is reason, investigations of high frequency discharge characteristics have 
been limit^ usually to the experimental determination of sparking and 
maintenance potentials. 

Two types of discharge are known as hi^ frequency. In one, the gas 
is excited by the electro-magnetic field surroimding a coil carrying a hi^ 
frequency current. In the other, the gas is excited by applying to it Ibe 
high frequency voltage appearing across a soiuxe such as the plate coil of 
a vacumn tul^ oscillator. In this type, known as the electro-static dis- 
charge, the gas, enclosed in a glass container, may have the exciting volt- 
age applied through external sleeve electrodes as was done by Fox and 
^chnaum (1) or, as in this investigation, the energy may be fed directly 
to the gas through electrodes sealed inside the container. In the latter 
case, energy losses in the glass and consequent distortion of the electric 
field in &e vicinity of the electrodes can be materially diminished. 


theory 

A theory of the glow discharge excited electrostatically has been pro- 
posed by J. Thomson (2) . On the basis of a sinusoidal electric field (E) , 
the displacement of a free electron is, according to this theory: 

E6 / I \ 

X = — — - — V n — [cos 4> — cos (2xvt — 4>) ] -|- 1 sin ^ / (1) 

2nv^ 2x 

in which ^ is a phase angle, v is the frequency of electric field variation, 
and e/m is the ratio of the charge to the mass of the electron. This equation 
results from the resonable assumption that if the typical free electron be- 
gins to move when the electric field strength is Ecos(— <^), the velodty 
necessary for ionization will be most quickly attained if it is acquired in a 
time ti, such that the field at this time is E cos (-f^) , for then, 

ti 

/ cos (2xvt — <^) dt 


is a maximum. From equation (1), the maximinn displacement of the 
electron is: 


X 


Ee 

2xv*m 


( 2 ) 


For a discharge tube with plane parallel electrodes, the equation for 
the sparking potential is of file form: 


[ 21 ] 
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V, = A + M <*> 



in a distance 


L _ K 

and Thomson’s theory shows 


V. = V. + ^p(d— 1-) 
K 4V2 p 

while further analysis allows the deduction that. 



The analysis implies that a space charge is built up which permits the posi- 
tive ions to release a sufficient number of electrons from the cathode to 
start the current. It also implies an abnormal fall in potential in the nei^- 
borhood of the cathode brought about by this space charge, but a uniform 
potential gradient throu^out the remainder of the interelectrode distance 
d. Such implications appear reasonable in view of the difference in mo- 
bilities of the electrons and positive ions. 

For moderately high frequencies of excitation, where the amplitude 
of oscillation is quite luge, Thomson obtains for b the experimented value 
18 which suggests the electron travels twelve times the kinetic theory 
mean free path before ionizing. This means that a smaller number of elec- 
trons can excite a discharge in the AC than in the DC type of discharge; 
but it also implies that, when the electronic amplitude of oscillation falls 
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tlie field t t e ew M i iy to im}duce a discharge must increase. 

Althoim ffcrietlir naaktng this theory was developed for striktiig 
potentials^ H seems probable that its general features can be ap|died is 
well to maintenance potentials. This has been done in the present investi* 
gatkai, in vMsk the intensity variations of certain lines in the Balmer 
series of hydrogen, excited by high frequency voltages applied through 
internal electrodes, have been studied as functions of pressure and 
frequency. 

EXPERIMENTAL PROCEDURE 

The gas system (Fig. 1) was entirely of Pyrex except for a fused 
quartz window, Q, connected to one end of the discharge tube by means of 
a graded seal, and a palladium tube, P, similarly connected to a side tube. 
An oil diffusion pump of the vertical stream type^ charged with apiezon oil 
B, and a hyvac fore pump made up the evacuating system. The discharge 
tube, 50 cm. long and 5 cm. in diameter, was isolated from the pumping 
system by a liquid air trap. Especially prepared graphite electrodes, in the 
form of cylindrical shells 4 cm. in diameter and 4 cm. in length, were 
mounted in the tube 30 cm. apart. Hydrogen was admitted to the system 
by diffusion through palladium, the pressure being read by a Pirani guage. 

The high frequency voltage was generated by a push pull oscillator 
powered with t 5 ^ 852 tubes and was measured dircKJtly by a cathode ray 
oscillograph. The load on the oscillator, imposed by the oscillograph, was 
negligible and did not affect its efficient operation. Oscillation frequencies 
were measured by General Radio wave meters, types 22L and 358. 

Spectrograms of the discharge ' made with a Bausch and Lomb 
medium quartz spectrograph in conjunction with a logarithmic sector disk 
similar to that described by Twyman and Simeon (3) . The disk was con- 
structed to the equation — log 6 = 0.21 and differed from theirs in having 
two symmetrically placed spirals instead of one. The value of 6 represents 
the circumferential aperture at a distance 1 measured inward radially 
from the outermost part of the disk. The disk was driven at 3,000 r.p.m. 
The spectrum line lengths, photographed on Wratten and Wainwri^t 
panchromatic plates, were measured consistently to 0.1 mm. All plates 
were from the same emulsion batch and were developed in fresh stock 
solution under constant temperature and time conditions. line intensities 
were reduced to unit exposure and tibe line lengths computed according to 
the equation log ti — log t 2 = 0.2 (Lj — li) , which means that, for constant 
exposure, the length of a spectrum line will vary as the intensity of that 
line. Spectroscopic data were obtained for various frequencies of excita- 
tion up to 5 x 10^ cycles per second and for pressures from 5 to 300 microns. 
A peak potential of 1,500 volts was maintained between the electrodes on 
all runs. 


RESULTS AND DISCUSSION 

The results, in graphical form, (figure 2) , show how the intensitiesjof 
the first six lines of the Balmer series of hydrogen vary with pressure and 
frequency of excitation. It may be said, in general, that for each line there 
exists an optimum pressure and one or more favorable frequencies of 
excitation. The agreement between these curves and those of Fox and 
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and Bachman is apparent. The decrease in conductivity for wave lengths 
of excitaticm above 25 meters and below 6 meters has been recorded by 
Brasefield (4) and Thomson (2) . 

The intensity of the shorter wave length lines practically readhes that 
of Ha for low pressure. This suggests that the population ratios for the 
energy states involving these lines is closely connected with the pressure. 
Lowering the pressure results in longer mean free paths so that the 
particles attain higher velocities between collisions. Thus, their heat 
motions become less important compared to their field directed speeds 
so itiat the probability of excitation of the higher terms in the series ap- 
proaches that of Ha. 

For stable high frequency operation, sufficient positive ions must be 
be produced by collision of electrons with gas molecules within a few mean 
free paths and within a time not greater than half a cycle to fulfill the con- 
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ditions for a self-maintained discharge. Obviously, at collision, the elec- 
tron must have sufficient energy to ionize. When the wave length of er- 
citation is increased, the time required for the electric force to reach its 
maximum value increases and hence a longer time is required for the 
electron to reach ionizing velocity. Thus, the efficiency of the discharge 
^ould increase with the fz^uency of excitation except at frequencies for 
which the electron oscillation amplitude falls to the order of die electron 
mean free path. Here the discharge efficiency would be expected to 
decrease. 

If Thomson’s Theory is applied to the present investigation, three 
assumptions are necessary: 

1. That the electrodes are plane parallel. 

2. That the cathode sheath potential gradient is of the order of 325 
volts per centimeter. 

3. That conditions for minimum sparking potential are the same as 
for discharge maintenance with maximum efficiency. 

Because of the large intOrelectrode distance, the error introduced by 
the first assumption is negligible. The second is in accord with numerous 
probe studies made by Langmuir in direct current discharges, while Brase- 
field (4) and others have shown that a discharge has its maximum conduc- 
tivity under the same conditions that give minimum striking potential. 

A simple calculation indicates that, at the optimum pressure (30 
microns) , Ae kinetic theory mean free path is that of the order of 2.58 cm., 
so that, according to the discharge theory outlined, the electronic mean 
free path is 31 cm. (12L) . If these values are substituted in equation (2) , 
the optimum frequency of excitation 5.5 x 10^ cycles per second (wave 
length 5.4 meters) . The experimental curves suggest a minimum in this 
region. Resonance phenomena of some sort probably explain the mini- 
mum at 10.8 meters shown in the curves. 

The relation of the interelectrode distance and electron amplitudes of 
oscillation for excitation are: 2d, 8d, and 16d for the maxima; and Id, 4.5d, 
and 9d for the minima (5) . 

The electronic mean free path for the optimum pressure is of the 
same order of magnitude as the electrode separation for: 

12K 12x7.74x10 = 

p = = 33 microns. 

d 30 

These results indicate a close relation between the pressure, the tube 
dimensions, and the excitation frequency for maintenance of a high fre- 
quency discharge. Any variation from optimum conditions tends to 
increase or decrease the intensity of the spectrum line depending on 
whether it was originally a maximum or minimum. If the dimensions of 
the tube were changed, it would be expected the optitpum maintenance 
conditions would diange also, which indicates that Townsend’s law of 
similitude is valid for this type of discharge. 
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LOWER COST DIETS FOR HATCHERY TROUT 
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From ihe Iowa State Conservation Commission 
Received October 31, 1938 

One of the major projects in the fish management plan of the Iowa 
State Conservation Commission is the production and stocking of trout 
at least seven inches long, the minimum legal length. In fact, the trout 
stocked in Iowa streams range from eight to ten inches in length. With 
such a trout program feeding costs are ever before the hatchery manager. 

Prices of beef heart, a favored food item, have ranged from $.08 to 
$.125 per poimd in the past few years. Certain commercial trout foods 
have been as high as $.065 per poxmd. These prices indicate that in the 
production of trout for a reasonable stocking program, foods of lower 
prices must be sought. 

Many trout feeding experiments have been made by skilled fisheries 
workers to determine the kind of food which is most readily taken and 
which would produce best growth results economically under optimum 
conditions. 

The writer (unpublished manuscript) obtained with starved finger- 
ling yellow pike-perch (Stizostedion vitreum) results that were not com- 
parable with those noted by Titcomb and associates (1928) on starved 
trout which readily recovered from periods of starvation. No doubt 
anatomical differences in the tyi>e ol stomachs of different fish play an 
important role not only in type of foods elected but in ability to recover 
from periods of starvation. 

McCay and associates (1931) indicated in studies covering nutritional 
requirements of trout that certain diets must be balanced and that protein 
content of feed must be kept within certain limits. 

McCay and Tunison (1934) worked out growth rate ciu*ves with 
brook trout (Salvelinus fontinalis) which showed that varying percent- 
ages of proteins and fats in several diets definitely affected the growth 
rate of trout. 

Fielder and Samson (1935) stated that bones of canned carp might 
be beneficial as food particles; but this was not verified by the following 
described experiment. 

In an attempt to find less expensive food for trout that would give 
satisfactory grovhli results, two experiments in feeding trout were in- 
augurated by the writer in 1936. In the first experiment, designated by 
“A”, 3,000 brook trout were fed. In the second experiment, designated 
by “B’’, 450 brown trout (Salmo fario) were used. As the Iowa State 
Conservation Commission maintains a trout hatchery at the Backbone 
State Park near Strawberry Point, the feeding work was carried on there. 
The feeding, weighing and recording of data was personally handled by 
R. B. Cooper, Fii^ Cidturist, in charge of the Backbone Station. 

A comparative study was made of the values of (1) beef heart, (2) 
beef hearts, 50 per cent, and groimd cooked carp and buffalo, 50 per cent, 
and (3) groimd cooked carp and buffalo as food for the trout. The beef 
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hearts were trinuned and ground fresh. The carp and buffalo were ground 
entire, cooked and packed in seven-pound cans. Buffalo too small to have 
a market value made up 80 mr cent of the ground fish and the other 20 
per cent was carp of four to five poimds in individual weight. 

As be^ hearts composed the major portion of the food used regu- 
larly at the Backbone Station, one group of fish was fed that diet for 
purposes of checking the results of the other two diets. 

By using the mixed diet of ground fish and beef hearts it was ex- 
pected that data mi^t be secured on a cheaper food than beef hearts 
alone and might illustrate a fair diet with little or no serious check on 
growth increments. Furthermore, the diet of ground cooked fish alone 
might demonstrate an inexpensive food for a given period of time and at 
the same instance furnish an outlet for rough fish disposal. 

By using two different ages and sizes of trout it was thought data 
might be obtained on the practicability of mixed foods at different growth 
periods. 

The food was weighed daily and equal volumes by weight were 
placed in each feeding trough. The amounts of feed were normal feeding 
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portions, and the increases in food weight were made on the fish-weighing 
dates. 

In Experiment the fish were weighed at regular ten-day inter- 
vals. Three troughs were used with 1,000 brook trout in each trot^. 
These fish were u^orm in size, about six months old, and all in a normal 
and healthy condition when the experiment was started. The water tem- 
perature, 50 de^ees Fahrenheit, remained constant throughout the 
experimental period. Variables such as acidity, temperr^ture, and oxygen 
content of the water were eliminated easily as a deep natural spring 
furnished the water supply, which was piped from the emerging point 
directly to the hatchery troughs. Because the temperature remained so 
uniformly constant, it was assumed that no marked change occurred in 
the oxygen content. The pH of this water supply ranged from 7.3 to 7.4 
over a yearly period. 

The Iowa State Department of Agriculture made a commercial feed 
analysis of the canned fish which showed this product to have a protein 
content of 17.51 per cent, fat 11.20 per cent, ash 5.20 per cent, moisture 
65.00 per cent, nitrogen-free extract 1.09 per cent, and fiber none. The 
cost of the canned fish was $.035 per pound in seven-pound (No. 10 size) 
cans. 

Experiment “A” was started Jime 6, 1936, and was discontinued 
September 26, 1938. The data are given in tables 1, 2 and 3. The fish 
weight in grams was obtained in the following manner. At intervals of 
10 days five or six random groups of 100 trout were taken from each 
trough and weighed separately. The average of these weights for 100 
fish was multiplied by 10 for each diet group, and tihus the fish weight 
in grams in each case was computed for 1,000 trout, although some fish 
were lost during the 90-day period. The weight gain in grams was found 
by subtracting the fish weight in grams of a given weighing day from 
that obtained on the next date of weighing. Gain per fish in grams came 
from dividing the weight gain in grams for a given 10-day interval by 
1,000. From the beef heart diet group 57 trout were lost, from the heart 
and fish diet 160, and from the cooked fish diet 464. 

Attention is called to figure 1, A of Experiment “A”. On all three 
diets, for the first 30 days the growth rate shows an almost steady daily 


TABLE 1. Experiment "A” Diet of beef hearts 


Date 

Interval 
in days 

Food weight 
in ounces 

Fish weight 
in grams 

Weight gain 
in grams 

Gain per fish 
in grams 

6-26 

0 

0 

1,500 

0 

.00 

7-6 

10 

44 

1,860 

360 

.36 

7-16 

10 

60 

2,540 

680 

.68 

7-26 

10 

80 

3,600 

1,120 

1J12 

8-5 

10 

80 

4,480 

820 

JB2 

8-15 

10 

80 

5,380 



8-25 

10 

122 


620 

.62 

9-4 

10 

140 

8^ 

2,250 

225 

9-14 

10 

140 


2,250 

225 

9-24 

10 

140 

11,700 

1,200 

120 
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TABUS SL Experiment Diet of beef hearte and cooked fith 


Date 

Interval 
in days 

Food wei^t 
in oiinces 

Fish weight 
in grams 

Wei^t gain 
in grams 

Gain per fish 
in grams 

6-26 

0 

0 

1,500 

0 

.00 

7-6 

10 

44 

1,580 

80 

.08 

7-16 

10 

60 

2,020 

440 

.44 

7-26 

10 

80 

2,720 

700 

.70 

8-5 

10 

80 

3,330 

610 

.61 

8-15 

10 

80 

3,870 

540 

M 

8-25 

10 

122 

4,310 

440 

.44 

9-4 

10 

140 

5J90 

880 

.88 

9-14 

10 

140 

6,060 

870 

.87 

9-24 

10 

140 

8,460 

2,400 

2.40 


increase except on the canned fish diet. After that period another 30-day 
interval shows a definite decrease in gain^ and then again a sharp 10-day 
increase in gain, which levelled off for another 10-^y period and then 
made a sharp decrease in the two diets of beef and fish alone, but showed 
a remarkable increase in the combined beef and fish diet in the last 10 
days. Just why there was such a variation in gain shown by the com- 
bination diet in comparison with the diets of beef alone and fish alone 
during these last 10 days of the experiment can hardly be conjectured 
since the diets paralleled each other in results up to this period. An 
explanation might be advanced that at this period the mixed ^et was 
most suitable for nine-months-old fish and points to a cyclic diet demand. 
The marked fluctuations in growth in each individual trough parallel 
and definitely point out relative merits of the respective diets at the 
given ages. The results demonstrate that further study needs to be made 
over a longer period of time, at least 18 months, the normal age of trout 
at stocking time. Such a study would give better information on both 
determinate and indeterminate growth rates. 

To the culturist feeding the fish, no sudden changes in fish failing 
to feed or exhibiting unusual hunger were apparent at any time on the 

TABLES. Experiment Diet of cooked fish 


Date 

Interval 
in days 

Food weight 
in ounces 

Fish weight 
in grams 

Weight gain 
in grams 

Gain i>er fish 
in grams 

6-26 

0 

0 

1,500 

0 

.00 

7-6 

10 

44 

l,i>40 

40 

.04 

7-16 

10 

60 

1,830 

290 

39 

7-26 

10 

80 

2350 

520 

32 

8-5 

10 

80 

2,730 

380 

38 

8-15 

10 

80 

3,090 

360 

.36 

8-25 

10 

140 

3300 

210 

31 

9-4 

10 

140 

3,640 

340 

34 

9-14 

10 

^ 140 

3360 

320 

.32 

9-24 

10 

140 

3390 

—70 

—.07 
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TABLE 4. Experiment "B”. Diet of beef hearts 


Date of 
Weighing 

Interval 
in days 

Food in 
ounces 

No. of 
fish 

Food weight 
in ounces 

Gain in 
ounces 

Gain per fish 
in ounces 

7-6 

0 

0 

150 

270 

0 

.0 

7-16 

10 

120 

150 

405 

135 

.9 

7-26 

10 

120 

150 

435 

30 

2 

8-5 

10 

120 

150 

465 

30 

2 

8-15 

10 

120 

150 

495 

30 

2 

8-25 

10 

120 

150 

540 

45 

2 

9-4 

10 

120 

150 

585 

45 

2 

9-14 

10 

120 

150 

630 

45 

2 

9-24 

10 

120 

150 

660 

30 

2 


beef heart diet. The fish fed on beef hearts were in excellent condition 
throughout the experiment. The trout in the beef heart>cooked fish 
trough were not as deeply colored or quite as uniform in size at the end 
of the feeding experiment as those fed on beef hearts alone. The fi^ 
fed on the cooked fish alone became very uneven in size and in poor 
physical condition as the work continued. 

The early tmevenness in size became more marked as time passed 
and mortality increased with regularity. It was apparent that the bone 
particles, althou^ soft enough for fo^, were impalatable. It also ap- 
peared t^t yoimg trout after striking food particles several times desisted, 
perhaps through fatigue, and therefore failed to continue feeding imtil 
nutritional requirements were appealed. Mortality among the fish on 
the cooked fish diet became so heavy in 90 days that Experiment “A” was 
stopped. 

In Experiment “B”, larger fish were used in out-door raceways. In 
this experiment three troughs were set up with 150 brown trout in each 
retainer. The following tables give feeding details and results. 

In making an analysis of this experiment, figure 1, B indicates a very 
comparable gain after the first 20 days, and bears out other feeding 
experiments Wing conducted that better results are obtained with cooked 


TABLE 5. Experiment “B”. Diet of beef and cooked fish 


Date of 
Weighing 

Interval 
in days 

Food in 
ounces 

No. of 
fish 

Food weight 
in ounces 

Gain in 
ounces 

Gain per fijEdi 
in ounces 

7-6 

0 

0 

150 

270 

0 

.0 

7-16 

10 

120 

150 

375 

105 

,7 

7-26 

10 

120 


405 

30 

2 

8-5 

10 

120 

150 

435 

30 

2 

8-15 

10 

120 

150 

465 

30 

2 

8-25 

10 

120 

150 

510 

45 

2 ^ 

9-4 

10 

120 


555 

45 

2 

9-14 

10 

120 


585 

30 

2 

9-25 

10 

120 

150 


30 

2 
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TABLE 6. Experiment *'B^. Dtot cf cooked fieh 


Date of 
Weli^iing 

Interval 
in days 

Food in 
ounces 

No. of 
fish 

Food weight 
in ounces 

Gain in 
ounces 

Gain per fish 
in ounces 

7-6 

0 

0 

150 

270 

0 

.0 

7-16 

10 

120 

150 

300 

30 

.2 

7-26 

10 

120 

150 

300 

30 

.2 

8-5 

10 

120 

150 

330 

30 

2 

8-15 

10 

120 

150 

360 

30 

2 

8-25 

10 

120 

150 

390 

30 

2 

9-4 

10 

120 

150 

420 

30 

2 

9-14 

10 

120 

150 

465 

45 

2 

9-24 

10 

120 

150 

495 

30 

2 


fish if fed to the larger sized fish. The sharp gain the first ten days is no 
doubt due to the fact that these fish had less competition for fo^ after 
being removed from the holding pond. 

It is believed that the percentage of non-nutritious food particles, 
such as pieces of bone and scales, of the cooked fish, when fed to very 
yoimg fii^ is one factor that might create an uneven growth in the early 
stages of the feeding experiment and might be a condition of inanition. 

In making conclusions on comparative value and cost of the different 
foods the analysis of Experiment “B” is shown in table 7. 

SUMMARY 

On a cost basis, ground cooked carp and buffalo was the most eco- 
nomical of the three diets. However, die quality and gross pounds of 
fish produced is an important factor, which makes a decision necessary 
as to which is most desired— quality or quantity — ^for money expended. 

The experiment demonstrated that fingerling fish can be fed on a 
mixed diet of beef hearts and canned fish at a saving on food cost of 28 
per cent and on canned fish alone at a saving of 40 per cent without 
serious impairment of quality. In Experiment “A” this was negatively 
shown with smaller fish. 

Growth rate studies point to physiological phases affecting fish cul- 
tural results as seen in ability of trout fed on canned fish to recover from 
prolonged feeding on a diet that is apparently lacking in some important 
nutritional factor. 


TABLE 7. Analysis of Experiment “B” 


Diets 

Pounds 

Cost per 
Pound 

Fish 

Pounds 

Cost 

per pound 
of trout 
produced 

Beef Hearts 


$.10 

24.375 

%25 

Beef hearts and cooked fish 

60 

.0075 

21.5625 

.18 

Cooked fish 

¥ % 

eo 


14.0625 

.15 
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Both experiments show relative values of the different diets on 
growth rate and weight gain for a definite period. 
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THE EIJECTROMETRIC DETTERMINATION OF THE 
SOLUBILITY OF SOME HYDROXIDES^ 

George Childs Bauer 

From the Department of Chemistry, Iowa State College 
Received June 25, 1938 

The present problem developed in an attempt to learn whether mag- 
nesium forms complexes with ammonium salts in dilute solutions. 

Time of flow against concentration curves were made for solutions 
containing a fixed amoimt of magnesium chloride and varying amounts 
of ammonium chloride. These curves were found to resemble the same 
curve for solutions containing potas»um chloride alone in varying con- 
centrations, except that the minimum was reached at a lower concentra- 
tion of the ammonium salt. This shifting of the minimum may be ex- 
plained by the fact that the chloride ion, from the magnesium chloride, 
represses the ionu^ation of the ammonium chloride. As no maximum was 
noted, through the ratio of one mole of magnesium chloride to two moles 
of ammonium chloride, it was concluded that no complex was formed. 

The curve obtained by plotting refractometer readings for magnesium 
chloride-ammonium chloride mixtures, similar to those above, against 
concentrations of ammonium chloride gave a straight line. No conclu- 
sions, however, could be drawn from these results as mercuric chloride 
and ammonium chloride mixtures also gave a straight line and these mix- 
tures were reported by Shibata, (5) his work on absorption spectar, 
as containing a complex. 

The work of Shibata, (5) on the absorption spectra of HgCl^-NHiCl 
mixtures was duplicated, in a somewhat abbreviated manner, in this 
laboratory. Using an iron spark, observations were made upon the ab- 
sorption spectra of 0.1 M H^L, of 0.1 M NH4CI, and of a mixture of the 
two solutions in equal proportions. These observations were made in the 
region between 2300 and 3000 A. The shifting of the absorption ends 
toward the longer wave lengths was very strili:ing. The end of die absorp- 
tion band of the mixture extended much more into this region than that 
of either of the solutions alone. 

Observations were made, in the same region, upon one molar magne- 
sium chloride, upon one molar ammonium chloride, and upon a mixture 
of the two solutions in equal proportions. No difference in the absorption 
spectra was noted. The absorption ends, however, had been shifted 
entirely out of this region by the hydrochloric acid which had been added 
to prevent the hydrolysis of the magnesium salt. Inavailability of the 
proper apparatus prevented this study being continued in the shorter 
wave length regions. 

As the preceeding work gave results from which no well established 
conclusion could be reached electrometric titrations of MgCl2, by meaq;^ 
of NaOH and by means of NH4OH, were resorted to. The scheme used 
by Britton (1) of projecting the almost straight parts of the cimve as 
straight lines and &en taking the intersection of these two projections 

^ Original thesis submitted August, 1937. Doctoral thesis number 446. 
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as the point at which precipitation began, was used. The concentration 
of the hydroxyl ion was calculated from the potential and the concentra- 
tion of the magnesium ion was calculated from the equivalents of base 
added to start the precipitation. The solubility products calculated from 
these data, agreed in order of magnitude with each other and with the 
generally accepted value. The results from the titration of 0.025 M MgCl^ 
with 0.1 N NaOH gave a solubility product of 2.19 X 10"^^. Seven titra- 
tions of 0.05 M MgClo with 0.25 N NH4OH gave solubility products vary- 
ing from 1.7 X 10'^^ to 4 X 10"’ ^ These results justify the conclusion, that 
no complexes are formed by magnesium and ammonium salts in the 
dilute solutions studied. 

An attempt was made to determine the solubility product of mag- 
nesium hydroxide by the electrometric titration of magnesium hydroxide 
with ammonium chloride, by noting the potential and the total volume 
at which the precipitate completely dissolved. Due to the difficulty en- 
countered in accurately determining this point of complete solution, the 
results obtained by this method were not so satisfactory. The results from 
six deetrminations varied from 1.1 X 10"^' to 9.2 X 10’^^ 

A further attempt to determine the solubility product of magnesium 
hydroxide was made, by determining the pH of a saturated solution of 
the hydroxide. The solubility product varied more widely in this method, 
values from 2.45 X 10"^^ to 8.3 X 10'^^ being obtained. The pH of the solu- 
tion varied with the method of preparation of the hydroxide. Part of 
this variance was due, no doubt, to the precipitation of basic salts rather 
than the pure hydroxide. Solutions prepared by saturating water with 
magnesium oxide consistently gave results higher than those prepared 
from the precipitated hyroxide. These higher values check somewhat 
closer the generally accepted value of 3.4 X 10~^^ 

Although this method gave less consistent results than either of the 
other methods, it was thought to be worth while to investigate it using 
other hydroxides as the procedure was much simpler. Using this method, 
values of 1.115, 1.147 and 1.141 in grams per liter were obtained for solu- 
bility of calcium oxide at 25°C. These values compare favorably with the 
value of 1.148 grams per liter of water calculated from Leyson and 
Moody’s (3) data at the same temperature. The solubility, at 25®C, of 
thorium hydroxide prepared by saturating a solution with thorium dioxide 
was found to be 2.4 X 10’® g. per liter. This value checks in order of mag- 
nitude with that of 2 X 10’® reported by Spitzin (7) for the same tempera- 
txire. Lanthanum calculated as the sesquioxide gave 0.008 g. at 25°C per 
liter as comp^ed to 0.004 g. at 29°C reported in the Handbook of Chemis- 
try and Physics (2) . Tl^e original source of this data on Lanthanum could 
not be found. The solubility product of zinc hydroxide deetrmined in this 
manner was foimd to be‘1.69 X which agrees with Britton’s (1) value 
of 10“-^ but differs considerably from the generally accepted value of 
1.8 X 10’^*. The solubility of stronium oxide was found to be 0.561 g. to 
0.644 g. per 100 ml by this method. The pH of the solutions giving these 
\mlues varied by 0.06. From the results given above it can be seen itiat 
this method is useful only in determining the order of solubility as a 
small difference ii^pH makes a large difference in the calculated value for 
the solubility. 

The solubility of stfontiUm oxide as determined varied so much 
from Sidersky’s (6) value of p.82 g. per 100 grams at 25°C that it was 
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decided to check the solubility by ordinary anal 3 rtical methods. The 
solubility was determined by Ae ordinary volumetric method, by pre- 
cipitation as strontium sulphate and by an evaporation method in which 
the strontium hydroxide solution was treated with an excess of six nor- 
mal sulphuric acid, and then evaporated to dryness and ignited over a 
Bunsen flame. Some difficulty was encountered in obtaining checks 
closer than two or three parts per thousand, by the three methods, on 
individual samples. The mean values, however, from a number of deter- 
minations checked satisfactorily. Eighteen determinations by the evapor- 
ation method gave a mean of 0.8547, twenty-eight determinations by 
precipitation gave a mean of 0.8552 and fifteen volumetric determinations 
gave a mean of 0.8544. An approximate mean from the three methods 
is 0.855 g. per 100 ml or 0.850 g. per 100 grams. This value is much closer 
to Riedel’s (4) value of 0.849 g. per 100 ml than to Sidersky’s (6) . 

SUMMARY 

1. The viscosity data, although their interpretation is somewhat ques- 
tionable, offer fair evidence that no complex is formed by magnesium 
and ammonium salts in dilute solution. 

2. The refractive indices of solutions were found to be unsuitable 
as evidence of the nonformation of complexes. 

3. The absorption spectra although somewhat limited in scope gave 
no evidence of complex formation between magnesium and ammonium 
salts. This study is worthy of further work. 

4. Agreement between the electrometric titration of magnesium 
chloride using sodium hydroxide a ir* the same titration using ammonium 
hydroxide offers strong evidence that no complex is formed in the latter 
case. 

5. The electrometric titration of magnesium hydroxide using 
ammonium chloride is not very satisfactory due to difficulty in observing 
accurately the disappearance of the precipitate. 

6. The determination of the solubility of magnesium oxide, thorium 
dioxide, lanthanum hydroxide, calcium oxide and strontium oxide 
through the determination of the pH’s of the saturated solution was 
found to give results agreeing in order of magnitude with the generally 
accepted values. The results on zinc oxide were somewhat questionable. 

7. The solubility of strontium oxide at 25®C is established as 0.855 
g. per 100 ml. 
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METALATION OF CYCLIC COMPOUNDS^ 

Robert Lloyd Bebb 

From the Department of Chemistry, Iowa State College 
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Metalation has been defined as the reaction wherein a hydrogen 
attached to a carbon atom is replaced by a metal to form a true organo- 
metallic compound*. The agent used to bring about this reaction might 
be a free metal, an inorganic compoimd, or an organometallic compound. 
A survey of representative examples of metalation was presented, with 
particular emphasis upon the course of the reaction and the conditions 
imder which it took place. The investigation of examples of metalation 
was undertaken in order to correlate details of the present knowledge 
and to add further information regarding tihe positions involved and the 
yields obtained in the metalation of various compoimds. 

Since different solvents were to be employed for the metalations, 
some attention was given to the preparation of organometallic compounds 
in various media. n-Butyllithium was prepared from n-butyl chloride and 
lithium in benzene, pentane, hexane, butyl ether, and dioxane. The yield 
of n-butyllithium in each case as determined by titration represented 
approximately 65-70 per cent of the theoretical value. Tri-n-butylamine, 
however, proved unsatisfactory as a solvent for the same preparation. 
The preparation of phenylsodium, phenylpotassium, and phenylenedisod- 
ium was investigated in various sol /^nts. 

Dibenzothiophene was subjected to the action of n-butyllithium in 
ethyl ether, benzene (at 80®) , pentane (at 35®) , hexane (at 65®) , dioxane 
(at 30®) , butyl ether (at 30® and 80®) . The yield of metalation product 
was negligible in all solvents but ethyl and butyl ether. When dibenzo- 
thiophene was treated with n-butyllithium in butyl ether at 30® for 
twenty hours, a 61 per cent yield of 4-dibenzothiophenecarboxylic acid 
was obtained on treatment with carbon dioxide, while the same reaction, 
when heated to 80® for twenty hours, gave a 90 per cent yield of the same 
acid. When dibenzothiophene was treated with n-amylsodium prepared 
in petroleum ether according to the directions of Morton®, a 37 per cent 
yield of 4-dibenzothiophenecarboxylic acid was obtained. 

The metalation of bibenzyl was studied using as metalating agents 
n-butyllithium in ether, n-butylsodium in tributylamine, and n-butyl- 
potassium in benzene. After the reaction products had been carbonated, 
the acids were isolated and identified. Metalation with n-butylsodium 
and n-butylpotassium yielded a, P-diphenylsuccinic acid (30 per cent and 
52 per cent, respectively). n-Butyllithium, however, gave a poor yield 
(0-1 per cent) of p- (p-phenylethyl) -benzoic acid. 

To study the metalation of substituted methane derivatives, phenyl- 
p-tolylmethane and phenyl-a-naphthylmethane were treated with n-b\jtyl- 
lithium for thirty-six and twenty-four hours, respectively. Carbonation 
formed 49 per cent of phenyl-p-tolylacetic acid and 80 per cent of phenyl- 

' Original thesis submitted June, 1938. Doctoral thesis number 478. 

* Gilman and Young, J. Am. Chem. Soc» 56:1415. 1934 

” Morton and Hechenbleikner, J. Am. Chem, Soc., 58: 2599. 1936. 


[ 41 ] 



42 


ROBERT LLOYD BSBB 


(x-nBphthylacetic acid. Observing the increasing yield of substituted acetic 
acids obtained from these compounds, it was suggested that a group of 
similarly substituted derivatives of methane would be a ^tisfactory sen^ 
to study to determine the effect of variations in a portion of a molecule 

upon the extent of metalation. ^ ^ 

To continue the investigation of compounds contammg an active 
methylene group, 9,10-dihydroanthracene was treated with an ether solu- 
tion of n-butyllithium for twenty hours giving, on carbonation, 80 per 
cent of 9,10-dihydro-9-anthracenecarboxylic acid and 8 per cent of 9,10- 
dihydro-9,10-anthracenedicarboxylic acid. 

When biphenyl was treated with n-butyllithium in ether, the yield 
of acidic material represented 7-15 per cent of the theoretical value, being 
identified as a mixture of o-and p-phenylbenzoic acids. In benzene, how- 
ever, n-butyllithium did not cause the metalation of the nucleus. Methyl- 
lithium in butyl ether proved valueless due to the rapid cleavage of Ae 
ether, while the low yield (5 per cent) of acid obtained after n-butyl- 
sodium had reacted upon biphenyl in petroleum ether indicated the inap- 
plicability of that solvent for metalations. 

In the metalation of naphthalene by n-butyllithium, a mixture of 
a- and ^-naphthoic acids was obtained. The amount of acidic material 
varied with the time of heating the reaction, amounting to 13 per cent in 
fifteen hours and 20 per cent in thirty hours. Phenylcalcium iodide did 
not cause metalation of the nucleus. n-Butylsodium in tributylamine 
yielded 28 per cent of the acid mixture after thirty-six hours of refluxing. 

In an attempted metalation of phenanthrene by n-butyllithium, the 
trace of acid obtained was identified as 9-fluorenecarboxylic acid. The 
probable source of this acid was the fluorene present as an impurity in 
the starting material*. The phenanthrene nucleus did not undergo metala- 
tion. 

Furan and 2-methylfuran were treated with phenyllithium to yield, 
after carbonation, 38 per cent and 17 per cent of furoic and 5-methyl- 
2-furoic acid, respectively. 2,5-Dimethylfuran, under the same conditions, 
gave an unstable acid which evolved carbon dioxide upon acidification. 

Since all compounds containing an ether linkage had undergone 
metalation by organoalkali compounds only in the position ortho to the 
ether bridge, more ethers were investigated in a search for a broad gen- 
eralization. As a result of the metalation of ethers, it was suggested that 
the metalation of compounds containing an ether linkage might serve as 
a method for the introduction of substituents into the position ortho to 
the oxygen bridge. 

2-Methoxydibenzofuran was metalated by n-butyllithium to yield, 
after carbonation, 60 per cent of a mixture of 2-methoxydibenzofurancar- 
boxylic acids. The mixture contained approximately three parts of 2- 
methoxy-l-dibenzofurancarboxylic acid to one part of 2-methoxy-3-di- 
benzofurancarboxylic acid. 

After treatment with n-butyllithium and subsequent carbonation, 
anisole yielded 19 per cent of o-methoxybenzoic acid and 40 per cent of 
di-o-anisyl ketone. The high yield of ketone demonstrated the disadvan- 
tage of employing carbon ^oxide as a reagent for the study of the prod- 
ucts of a metalatidn involving an organolithium compound. When phenyl- 

* Jeanes and Adams, J Am. Chem, Soc,, 59: 2608. 1937. 
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sodilun in benzene was employed, 44 per cent of the same acid was ob- 
tained after 24 hours and 64 per cent after 48 hours. 

The metalation of phenyl ether and its analogs (phenyl sulfide and 
phenyl selenide) was effected with n-butyllithium. After six hours, 
54 per cent of o-phenoxybenzoic acid and 24 per cent of o-phenylmercap- 
tobenzoic acid were obtained. When the time was increased to twenty 
hours, yields of 60 per cent of o-phenoxybenzoic acid and 30 per cent of 
o-phenylmercaptobenzoic acid showed that ai> increase in metalation 
occurred on increased time of reaction. Some cleavage of phenyl sulfide 
was evident from the odor of thiophenol, which was present only after 
the longer period of heating. When phenylsodium, suspended in benzene, 
served as tihe metalating agent, 56 per cent of o-phenylmercaptobenzoic 
acid was obtained. The odor of thiophenol was practically absent in this 
run. Phenyl selenide did not give a metalation product but was cleaved 
to butyl phenyl selenide and benzoic acid, which indicated the course 
of reaction as; 

CeHsSeCeHn "F C4H9Li — > CQH5SeC4li[o -f- CoHsLi 

I COo 

i— ^^CoHsCOaH 

It was predicted that the cleavage of phenyl telluride would be still 
greater. Possibly this tendency of compounds to display increasing in- 
stability toward metalating agents with decreasing tendency to undergo 
metalation might be extended from Group VI to other groups of tlie 
periodic table. 

Ethynylsodium in liquid ammonia was treated with 1-heptyne and 
phenylacetylene. Reaction occurred ' i both cases to form heptynylsodium 
and phenylethynylsodium, respectively. The organometallic compound 
was identified by adding benzophenone and isolating the corresponding 
carbinol. In regard to the relative acidity of the three compounds, they 
lie in the following order, with the hydrogen in phenylacetylene prob- 
bably more acidic than that of 1-heptyne. 

C^HnC^CHl 

> HC = CH 

ChHsC^CH 

In an effort to correlate acidity with metalation, the radicals attached 
to hydrogen were placed upon a parabolic curve symmetrical to the posi- 
tive vertical axis so that reading along the vertical axis from top to bottom 
showed the decreasing tendency of the compoimds to undergo metala- 
tion. 

The radicals were assigned positions upon the curve such that any 
radical when attached to hydrogen (RH) would react with the organo- 
metallic compound (R'M) of any radical below it on either side of the 
parabola. 

RH + R'M5=feR'H + RM 

* 

By means of this curve, it may be possible to predict yields in the 
metalation of compounds from a knowledge of the relative lability of the 
radical attached to the acidic hydrogen, or vice versa, to predict relative 
lability from the yields of metalation products. 
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The purpose of this investigation was to correlate the life habits and 
requirements of the Blue-winged Teal [Querquedula discora (Linnaeus) ] 
with the effects of its present agricultural environment in the hope of 
developing a more substantial niche for the bird in Iowa. The research 
was initiated July 1, 1932 and continued imtil Februarj^ 1, 1937. The 
greater part of the observations were made in Clay, Palo Alto, Dickinson, 
and Emmet Coimties, Iowa. Supplementary observations were made in 
Minnesota, Nebraska, South Dakota, North Dakota, Manitoba, and 
Mexico. 

The Blue-winged Teal is known by at least 47 vernacular names over 
its breeding, migratory, and wintering ranges. The sex ratio of 5,090 
birds averaged 59 per cent males and 41 per cent females. 

The breeding range of the bird was segregated into five types. They 
are named as follows in the order of their importance: true prairie area; 
mixed prairie area; boreal forest area; deciduous forest area; and lake 
forest area. 

Fall migration bej^an each year in Iowa about August 15 and usually 
was completed by November 1. The major portion of the flight occurred 
in the Mississippi Valley and Central Flyways. Shooting seasons in the 
northern states added little if any impetus to the fall migration. 

The wintering grounds of the teal extend over thousands of square 
miles in Mexico, Central America, South America, and the souAem 
part of the United States. It was determined that at least 95 per cent 
of the Blue-winged Teal winter south of the southern border of the United 
States. The southernmost record for the bird is Ovalle, Chile (Schalow, 
1898) . The birds were shot for sport and market purposes on the winter- 
ing grounds observed in Mexico. 

Early in January from the wintering grounds the birds started north- 
ward on the spring flight. With few exceptions, the fl 3 rways over which 
they passed were those used during the fall migration. The main flight 
passed through the northern states between April 1 and April 30 each 
year. 

Courtship began on the wintering groimds late in December and 
early January. Courtship became evident about the same time that the 
nuptial plumage of males became apparent and when the birds were 
getting started on the spring flight. By the end of March, when the first 
birds reached Iowa, the process of courtship had become a daily affair. 
The climax of courtship and mating was reached just prior to the nesting 
season. 

The average c^tance of nests from water was 41.5 yards. It was found 
that 95.6 per cent of the nests were legated within 220 yards of the shore- 

^ Original thesis subndtted June 25, 1937. Doctoral thesis number 422. 
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line. The average elevation of nests above the mcursh level was 2.4 feet. 
The average niraber of eggs found in 341 nests was 9.3 per nest. 

The ducklings hatched 21 to 23 days after incubation began. So far 
as could be determined the young were led by the mother to water within 
twelve hours after hatching. 

Of 223 nests, 40.4 per cent were destroyed by adverse weather con- 
ditions, agricultural practices, predators, and other causes. Only 14.8 
per cent of twenty-seven discovered renesting attempts ^ere successful. 
The number of young that reached the migratory stage was 5.1 per suc- 
cessful nesting female. 

Bluegrass (Poa pratensis), the most common type of nesting cover, 
constituted the cover of 160, 47 per cent, nests. One hundred and thirty- 
two nests, 38.8 per cent, were foUnd in slough grass (Spartina Mich-- 
auxiana). Forty-eight nests, 14 per cent, were found in alfalfa (Medicago 
sativa). The bluegrass and slou^ grass often had other grasses and forbs 
mixed in with them. 

The presence of ducklings in the respective types of rearing cover 
combinations indicated the value of such plant associations .for rearing 
habitats. The rearing plant combinations are listed as follows in the order 
of their importance: great bulrush (Scirpus validus), round bulrush (S. 
occidentalis), and river bulrush (S. fluviatilis) associes; river bulrush, 
great bulrush, and bur-reed (Sparganium eurycarpum) associes; river 
bulrush and cat-tail (Typha latifolia) associes; river bulrush and sedge 
(Carex riparia) associes; reed (Phragmites communis) and cat-tail as- 
socies; and, bur-reed, sweet flag (Acorns Calamus), and larger blue flag 
(Iris versicolor) associes. 

Approximately 75 per cent of the food found in 358 stomachs con- 
sisted of plant material. The four plant families, Cyperaceae, Najadaceae, 
Gramineae, and Polygonaceae were by far the most common groups of 
plants represented in the stomachs. Animal food constituted about 25 
per cent of the food eaten by the Blue-winged Teal. Of the invertebrate 
foods eaten, insects and molluscs out-numbered other forms. The verte- 
brates were represented by fishes found in five stomachs. 

The proper amount of grazing by cattle on marsh margins to insure 
permanent pasture is conducive to some teal nesting. Many areas, particu- 
larly inlets to water areas, should be revegetated to curtain soil erosion 
and in so doing would provide hay for live stock and nesting cover for 
teal, pheasants, and other wildlife. 

The prairie habitat seemed to furnish the best breeding conditions 
for the Blue-winged Teal. The timbered tracts had but little nesting 
cover for teal and in addition supported a number of animals that are 
known to be predators of nesting ducks and their young. Not one suc- 
cessful nest was foimd in cover beneath trees or shiubs. 

It was found that 95.6 per cent of the puddle ducks nested within 220 
yards of the shoreline of a marsh, slough, or pot-hole regardless of the 
size of such a water area. Thus, the small water areas as a whole were 
conducive to greater duck production. • 

By sampling a lake region and obtaining data concerning nest densi- 
ties, nest destruction, successful nests, and juvenile survival a fairly 
accurate census can be made to determine the year’s production. 

The development of appreciation of our wildlife resources the past 
few years in the United States seems to lead toward a permanent pro- 
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gram for the perpetuation and increase of many wildlife species. Correct 
land use practices, water conservation, soil conservation, and the eco- 
nomic evaluation of sporting and non-sporting species have all aided and 
will continue to better the environment for the Blue-winged Teal. 
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In order to determine the importance of the quantity of free unsatur- 
ated fatty acids in butter fat, a precise semi-micro iodine number method 
was needed. When this work was initiated (1932) , no semi-micro iodine 
number method had been described in the literature. It seemed logical, 
therefore, that a standard method should be adapted for use in this study. 

Preliminary results indicated that the reaction of the Hanus (1) re- 
agent was especially sensitive to variations in sample weight. Hiibl iodine 
numbers calculated with the Schmidt-Nielsen and Owe (4) formula, did 
not depend greatly upon the weight of sample but the age and acidity of 
the reagent were important factors. 

The following halogenating reagents (prepared according to the 
directions given in the literature cited) were studied on a semi-micro 
scale for butter fat and insoluble butter acids: Hiibl (4) , Wijs (1) , Hanus 
(1) , Rosenmund and Kuhnhenn (3) and Kaufmann (2) . Iodine number 
determinations were made with each of these reagents on a sample of 
butter fat and the insoluble acids obtained from it at varying reaction 
periods up to one week. This study also included the Hiibl reagent in 
which 95 per cent ethyl alcohol was replaced by absolute methyl alcohol. 
The reactions were carried out in the dark at 25°C. zt 0.4. 

Iodine numbers were plotted against reaction periods for each of the 
above reagents. If equilibria were attained, there should be flat sections 
(zero slopes) in the curves. The cuiwe obtained with the Kaufmann re- 
agent and butter fat showed but little slope from 30 to 168 hours and with 
the insoluble acids from 70 to 168 hours. The Hiibl reagent gave similar 
curves when the values were calculated according to the Schmidt-Niel- 
sen and Owe formula, but when the average of the beginning and final 
blanks was used for the iodine number calculations, no flat sections in the 
curves were evident. Both the Kaufmann and Hiibl reagents gave higher 
Values for the fat than for the acids; this anomalous behavior can not be 
explained satisfactorily. 

None of the other curves seemed to show any indication towards a 
zero slope when plotted on such a scale as to include reaction periods up 
to one week, but the initial values of fat and acids were in a reasonable 
relationship to each other. When the portions of these graphs represent- 
ing the reaction on butter fat from 0 to 12 hours were plotted on a much 
larger scale, the Kaufmann, Hanus and Rosenmund and Kuhnhenn 
curves approached zero slopes for variable periods of reaction. The W4s 
and Hanus curves were similar although the slopes were somewhat 
greater with the Wijs reagent. 

The iodine numbers obtained with the Rosenmund and Kuhnhenn 
' Original thesis submitted March, 1938. Doctoral thesis number 456. 
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reagent on butter fat increased only about 0.3 unit from 30 min. reaction 
period to 5 hours. None of the other methods gave values as nearly con- 
stant as these over a reaction period of this length. It was considercid that 
these results indicated that further study was warranted with the Rosen- 
mund and Kuhnhenn reagent. 

As a result of this study the following conditions were worked out for 
its use: Weigh from 10 to 100 mg. of butter fat or insoluble butter acids into 
a 125 ml. iodine flask and dissolve in 2 ml. of carbon tetrachloride. Add 5 
ml. of O.IN pyridine sulfate dibromide in acetic acid freed of reducing com- 
pounds, and close the flask with a glass stopper on the surface of which one 
drop of syrupy phosphoric acid was spread to prevent escape of reagents. 
Rotate the contents of the flask a few times and allow the reaction to take 
place in the dark at 25° C. for 4 hours. After the reaction period, add 2 ml. 
of 10 per cent potassium iodide to the rim of the flask, cautiously turn the 
stopper in order that small gas bubbles will go through the potassium 
iodide. Thoroughly mix the potassium iodide wtih the reactants and then 
add 25 ml. of oxygen-free water and mix well. Titrate the iodine with 
sodium thiosulfate (approximately O.OllN) to the complete disappear- 
ance of the yellow color (a slight excess of thiosulfate). Stopper the 
flask and shake violently, rinse liquid adhering to stopper into the flask 
and add 4 to 5 ml. of 0.5 per cent starch indicator. Back titrate the excess 
of sodium thiosulfate with iodine in potassium iodide (approximately 
0.005N) from a burette graduated to 0.02 ml. 

When sample weights are approximately alike, the semi-micro Rosen- 
mimd and Kulmhenn method yields replicate determinations which agree 
within 0.3 of an iodine imit. 

It was considered that as final checks on the semi-micro Rosenmund 
and Kuhnhenn method the following factors should be studied: 1. effect 
of excess reagent on the iodine number obtained for butter fat and its 
insoluble acids, 2. agreement of replicate determinations on weighed 
samples, 3. comparison of the value by this method with the value ob- 
tained with a carbon tetrachloride solution of iodine monobromide con- 
ducted in such fashion that substitution should be detected and 4. com- 
parison of the value by this method with that obtained by the bromine 
vapor method. 

It is considered from these studies that excess reagent from 14 to 
90 per cent will cause a variation of 1.0 unit in the iodine number of 
butter fat, while variation of excess reagent from 20 to 90 per cent will 
cause a variation of approximately 0.5 unit with the insoluble acids from 
butter fat. 

Replicate determinations on weighed samples should check within 
0.5 unit. 

The attempted determination of a “true” iodine number by measuring 
substitution and correcting the iodine number for it did not prove satis- 
factory nor did it afford the desired comparison. 

ITie comparison with the bromine vapor method which should give 
values very closely representing only the degree of unsaturation of butter 
fat indicate that for this fat the Rosenmund and Kuhnhenn method, used 
as described above, gives very nearly the correct iodine number. 

The bromine vapor method was studied with regard to its adapta- 
tion for use with butter fat and its acids. Further study is necessary to 
determine the precision of this method. 
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SOME FACTORS AFFECTING THE TIME OF SOLUTION 
OF DEXTROSE^ 

Benjamin Franklin Buchanan 
From the Department of Chemistry, Iowa State College 
Received June 25, 1938 

Dextrose- is quite soluble even in cold water, however, the time 
required to prepare solutions within five per cent of a saturated solution 
at a given temperature is too long for the practical preparation of syrups. 
Because of the increased consumption of purified dextrose as a constituent 
in food preparations the problem of solubility time has become an impor- 
tant one. It was the purpose of the present investigation to determine 
the more important factors affecting tihe solution time of dextrose. 

Sandera^ has summarized various methods for determining the solu- 
tion time of sugars, no one method of which is applicable in commercial 
practices. A method was developed, therefore, which was adaptable to 
large scale preparations. The apparatus used consisted of a series of 
Soviet extraction flasks, each with a separate stirring unit, arranged in 
a black lined constant temperature bath controlled by a rheostat sensitive 
to 0.05®C. The sample being tested for solution time was placed in one 
of the flasks and stirred at the desired temperature until solution was 
complete. By means of a strong light source directed into the flask 
against the black background it was possible to check duplicate runs 
within two per cent even when the method was adapted to runs using 
one hundred pounds of dextrose. In order to obtain consistent results it 
was necessary to prevent settling out of sugar crystals by control of the 
stirring rate, shape of container, size of dextrose crystals and rate of 
addition of the dextrose. 

At all concentrations the solution time of hydrated dextrose in- 
creased regularly with a temperature decrease, whereas in the case of 
anhydrous dextrose a pronounced increase in solution time was observed 
at definite temperatures and concentrations. In general the time for com- 
plete solution of anhydrous dextrose was ten minutes or less when the 
percentage concentration was not more than one-half the numerical 
value of the temperature in Fahrenheit degrees. 

Initial concentrations of anhydrous dextrose were ten to fifteen per 
cent higher than those of the hydrated form. Rapid crystallization of 
hydrated dextrose occurred in ihe more concentrated initial solutions 
of anhydrous dextrose, thus proving the higher solubility of the anhydrous 
form as well as the rapid conversion of anhydrous to hydrated dextrose 
in solution. Conversion of hydrated to anhydrous dextrose is a slow re- 
action as exemplified by the slow solubility of the hydrated form. 

rapid 

Anhydrous dextrose + H 2 O hydrated dextrose 

slow 

^ Original thesis submitted March, 1938. Doctoral thesis number 460. 

* In this abstract the term “dextrose” refers to the alpha-form of 4-glucose except 
where otherwise stated.^ 

' Sandera, Z. Zuckerihd. Czechoslovak. Rep., 61:275. 1937. 
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The equilibrium mixture after dextrose hydrate crystallization consisted 
of approximately fifteen per cent anhydrous and eighty-five per cent hy- 
drated dextrose. 

A number of compounds yielding basic solutions when dissolved in 
water were tested for their catal3^ic effect upon the dissolution of dex- 
trose. The pH values for these solutions, both before and after adding 
the dextrose, were determined by means of a Coleman electrometer hav- 
ing a glass electrode. 

In solutions of the alkaline hydroxides, including LiOH, NaOH, KOH, 
Ca(OH)2, Sr (OH) 2 and Ba(OH)2, the solution time of dextrose was a 
direct fimction of pH or normality of reagent solution. Time of solution, 
in other reagents, however, was not determined by pH, but was dependent 
upon the nature of the components of the reagent solution. There was 
no difference in the catalytic effect among the metallic ions in any salt 
series. 

Approximately twice the catalytic effect was shown by the sodium 
or potassium salt of maleic acid as by that of its geometric isomer, fumaric 
acid. Aqueous solutions of organic bases such as pyridine or quinoline 
had little influence on the solution time of dextrose. The methyl and 
ethyl substituted ammonium hydroxides decreased in their catal5rtic 
effect, as the weight of the molecule was increased. Soluble sodium sili- 
cates were effective in direct proportion to the sodium oxide-silicon oxide 
ratio. 

In a buffered mixture, such as the solution resulting from the titra- 
tion of a phosphoric acid solution with sodium or potassium hydroxide, 
a maximum solution time resulted at a pH of approximately 3 . 8 . 

Catalysts of mutarotation were, in general, foimd to be correspond- 
ingly efficient as solution catalysts. Reagents which catalyzed mutarota- 
tion to the extent that equilibrium between the alpha- and beta-forms 
was established within fifteen minutes caused the alpha-dextrose to dis- 
solve within the same period of time. Beta-dextrose as well as mixtures 
of alpha- and beta-dextrose containing as much as seventy-five per cent 
of the alpha-form dissolved almost instantaneously, whereas an equal 
concentration of the alpha-form alone required three hours for complete 
solution. 

In accordance with the data presented the following equilibrium de- 
picts the condition during the dissolution of dextrose: 

rapid 

Anhydrous a dextrose + H2O hydrated a dextrose 

slow 



Anhydrous P dextrose -|- H3O 

Any agent or reagent which tends to produce a more soluble form 
or condition of dextrose will accelerate its solution. 



fflGH FREQUENCY GLOW DISCHARGE WITH 
INTERNAL ELECTRODES^ 

Nathan Theodore Buroine 

From the Department of Physics, Iowa State College 
Received June 25 , 1938 

High frequency electric discharges in hydrogen were excited by 
voltages applied to a discharge tube by means of internal carbon elec- 
trodes. The intensities of certain lines in the hydrogen spectrum were 
studied quantitatively as a function of frequency of excitation and pres- 
sure. 

The high frequency potential was supplied by a push-pull oscillator 
which used 100 watt No. 852-type tubes. The potential difference applied 
between the electrodes was measured by a cathode ray oscillograph and 
maintained at a constant peak potential of 1500 volts. 

The gas system was made entirely of pyrex except for a quartz 
window connected by a graded seal to one end of the discharge tube and 
a palladium tube simililarly connected to a side tube. An oil diffusion 
pump that was air-cooled and of the vertical stream type charged with 
Apeizon oil B which was heated electrically and a Hyvac pump made up 
of the evacuating system. A liquid air trap was used to condense all 
impurities that could be frozen out. The pressure was measured by a 
pirani gauge. Hydrogen was admitted to the discharge tube by diffusion 
through palladium. 

Tlie discharge tube was 50 cm. long and 4.8 cm. in diameter, and 
each end was drawn to 2.5 cm. by means of shoulder seals. The tube was 
baked-out for several hours while on the pumps in an especially built 
electric furnace at a temperature between 450® and 500®C. Several 
times during the process the tube was flushed with hydrogen. 

Spectrograms of the discharge were taken with a Bausch and Lomb 
medium quartz spectrograph in conjunction with a logarithmic sector 
disc. This type of disc gives spectral lines whose lengths are proportional 
to their intensity, W. and W. panchromatic plates of the same emulsion 
batch were used and were developed with developer D-19 from the same 
stock solution \mder the same conditions of temperature and time. 

The data were obtained for pressures from 5 to 300 microns and 
for frequencies of excitation from 0 to 5 * 10^ C. P. S. Intensity vs. wave- 
length curves were plotted for different pressures. An explanation of 
the maxima and minima which occur in the curves and the optimum 
pressure was given on the basis of J. Thomson’s (2) theory of sparking 
potentials. 

The results of the investigation show: 

1. There is a variation in intensity of the spectrum lines for different 
pressures and frequencies of excitation. 

2. The results are very similar when either internal or external 
electrodes are used. 

^ Original thesis submitted July, 1937. Doctoral thesis number 442. 
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3. Hie ratios of the intensities oi Up, Hy and H; to Ha increase for 
low pressures. 

4. The ratios of the populations in the higher order states increase 
with a decrease in pressure. 

5. For low pressures the probability of excitation is as great for 
the higher frequency terms as for the lower ones. 

6. Thomson’s theory for sparking potentials applies to mainten- 
ance potentials. 

7. The optimum pressure is such that approximately 12 times the 
kinetic theory mean free path of the electron is equal to the interelec- 
trode distance. 

8. The amplitudes of oscillation of the free electron for wavelengths 
which give line intensity minima and maxima are multiples of the elec- 
tronic mean free path. 

9. The impurities which are commonly observed in this type of 
discharge phenomena were eliminated by the design of the tube and the 
use of liquid air. 

10. The most striking observation is the similarity of the intensity 
vs. wavelength curves to Aose obtained by Bachman (1) . 

BIBUOGRAPHY 


1. Bachman, Cbables 

1935. Effect of high frequency excitation upon intensities of spectral lines. 
Unpublished 'Diesis. Library, Iowa State College, Ames, Iowa. 


2. Thomson, John 

1937. Sparking potentials at ultra* high frequencies. Phil Mag. ser. 7. 23:1-24. 



STUDIES ON CHLORINE DISINFECTION^ 

David B. Charlton 
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Chlorine compounds having disinfectant properties have been used 
for over a century and their consiunption today probably surpasses that 
of all other disiirEectants combined. They are employed as sterilizers, 
for instance, in the maintenance of safe water supplies, in medical prac- 
tice, in many food industries, in the chlorination of sewage and sewage 
disposal-plant effluents, and in the control of slime formation in pulp and 
paper mills. 

Originally used in the form of sodium and calcium hypochlorites, 
chlorine has more recently been employed in the form of chlorine gas in 
water solution, and in various types of compounds generally known as 
^‘chloramines,” which possess an : N-Cl linkage. 

The methods of estimating the strength of chlorine disinfectants are 
the same as those employed in analyzing hypochlorite bleaching solutions. 
The original term “available chlorine” has been retained although there 
are objections to its use. 

A review of the literature reveals a lack of agreement in regard to 
the relative germicidal power of chlorine compounds and the manner in 
which they exert germicidal action. It was therefore decided to investi- 
gate various aspects of the chlorination process, particularly the relative 
germicidal activity of the several forms of chlorine compounds, and to 
note the effect of alterations in reaction (pH) , temperature and concen- 
tration upon disinfection efficiency. 

Bacterial spores were found to be particularly suitable and appli- 
cable for the objectives of this study. ITie culture employed had been 
used previously in studies on disinfection with alkalies and the organism. 
Bacillus metiens (nov. sp.), was further described. A dried spore sus- 
pension in powdered lactose was employed. No appreciable changes in 
numbers of viable cells per unit weight were observed and the spores 
did not exhibit detectable changes in resistance to chloramine-T during 
storage, for a period of over 6 months. Those observations suggested that 
the dried spores were not undergoing any physiological changes. The 
dried spores, when suspended in distilled water and connected to a Bar- 
croft-Warburg manometer, did not reveal any evidence of respiration. 
Spore suspensions in distilled water showed no appreciable diminution 
in numbers after several weeks exposure at room temperature. 

The germicidal efficiencies of chlorine disinfectants were found to be 
markedly affected by temperature, concentration, and reaction (pH) 
alterations. Hie residts of the investigation are of interest in that they 
give useful information regarding llie relative germicidal power of 
chlorine compoimds and they account for certain of the conflicting 
opinions previously reported. The germicidal activity of chloramine-T 
solutions was fouxld to be affected as follows: 

^ Origiiud Thesis submitted December, 1933. Doctoral thesis number 280. 
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(a) . The reaction (pH) of the disinfecting solution markedly in- 
fluenced the killing time, the germicical efficiency increasing with in- 
creasing acidities. For example, a solution with 2,000 p.p.m. available 
chlorine, at an initial reaction of pH 8.7, gave a killing time of 64 hrs., 
whereas at pH 6.0 the killing time was only 5.4 hrs. 

(b) . Doubling the concentration resulted in a reduction of the kill- 
ing time to approximately one-half. 

(c) . Rises of 10° C. in temperature (in the range 25° to 55° C.) 
resulted in a reduction of the killing time by approximately 71 per cent 
when employing solutions with an initial reaction of pH 8.7. The same 
temperature chsoige with solutions at pH 6.0 resulted in killing-time 
reductions of about 82 per cent. These temperature effects were ap- 
proximately uniform up to 55° C: for a given solution and reaction. 

Concerning the disinfecting action of h 3 ^ochlorites it was found that: 

(a) . The reaction (pH) markedly affected germicidal properties 
which were increased as the acidity rose. For example, with 1,000 
p.p.m. available chlorine at a reaction of pH 11.3, the killing time was 64 
min., whereas at pH 7.3 the killing time was less than 20 sec. 

(b) In solutions of two commercial calcium-hypochlorite prepara- 
tions employed, the “available chlorine” was not a measure of the germi- 
cidal power (even with various concentrations of the same preparation) . 
For example, the killing times obtained with 1,000 and 100 p.p.m. avail- 
able chlorine of the same compound were not appreciably different. This 
apparently anomalous result is explained by the fact that the more dilute 
solution was less alkaline (due to dilution of the stabilizing agent) with 
resultant increased germicidal power which was foimd to be approxi- 
mately proportional to the calculated amoimt of hypochlorous acid 
present. 

(c) . From a consideration of the survivor curves, additional evi- 
dence was obtained to support the contention that the concentration of 
undissociated hypochlorous acid was probably the determining factor 
in the rate of disinfection by hypochlorites. 

Oxidation potentials of chloramine-T solutions were found to be 
unsatisfactory as measures of germicidal activity, since doubling the 
concentration reduced the killing time almost to one-half whereas the 
oxidation potential was not significantly altered. 

Solutions of chloramine were strongly germicidal, and this germi- 
cidal power was less affected by pH changes than was the case with the 
hypochlorite and chloramine-T solutions. 

Concerning the relative germicidal powers of the three types of 
chlorine compounds which were studied, in solutions practically free 
from organic matter, it was found that for a given concentration of avail- 
able chlorine: 

(a) . Chloramine-T exhibited the weakest germicidal action. 

(b) . Monochloramine was more strongly germicidal than hy^ 
chlorites when the comparisons were made in highly alkaline solutions. 
In less alkaline solutions, at reactions below the range pH 9.5 to 10.0, 
hypochlorites were more germicidal than monochloramine or the result- 
ing mixtures of monochloramine and dichloramine. 
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The nature of the survivor curves (log survivors against time) was 
not the same in disinfection with the various types of chlorine com- 
pounds studied. The survivor curves obtained in the experiments with 
monochloramine simulate a straight line and resemble those obtained 
with chloramine-T. The hypochlorite survivor cvirves show a great devia- 
tion from a straight line relationship, particularly at the higher alkalinities 
where a pronoimced lag followed by a rapidly increasing death rate is 
noted. A fundamental difference in the mechanism of disinfection with 
the two general types of chlorine compounds is thereby indicated. 

In disinfection with chloramine and chloramine-T hypochlorous acid 
does not appear to play the significant role which it exhibits with hsrpo- 
chlorites. 

Disinfecting action for all of the compoimds appears to be associated 
with the presence of a positive chlorine atom. 



AMINO AND HYDROXY DERIVATIVES OF DIBENZOFURAN^ 

Lee Cannon Cheney 

From the Department of Chemistry, Iowa State College 
Received June 25, 1938 

Orientation studies have disclosed that all of the positions in the 
dibenzofuran nucleus, with the exception of the 1- and 9-positions, are 
vulnerable to direct nuclear substitution. An inspection of the complex 
morphine structure impresses one with the necessity of being able to sub- 
stitute the (so-called critical) 1-, 4-, 6-, and 9-positions of dibenzufuran in 
order to synthetically approach the constitution of this important alkaloid. 

The objectives of the orientation and metalation studies of this in- 
vestigation were to render 4,6-disubstituted dibenzofurans more available, 
to prepare certain 1,4,6,9-tetra-substituted dibenzofurans, and to explore 
the feasibility of synthesizing 4,5-phenanthrylene oxide and 4,5-phenan- 
thridine oxide derivatives through cyclization methods applied to the 1- 
and 9-positions of 4,6-disubstituted dibenzofuran derivatives, that is, 
4,6-dimethoxydibenzofuran. Amino and hydroxy derivatives were chosen 
because of their inherent ability to activate the aromatic nucleus. The 
compounds were also to be submitted for pharmacological test, and a 
review of useful analgesics, coupled with the results of previous physio- 
logical tests on dibenzofurans, favored the conclusion that amino and 
hydroxy derivatives were most apt to manifest analgesic activity. 

An attempt has been made to tabulate all amino and hydroxy de- 
rivatives of dibenzofuran which have appeared in the literateure prior to 
May, 1938. In addition, a number of compounds taken from unpublished 
work in this laboratory have been included along with the new com- 
pounds described in the thesis. All available references to each individual 
compound have been collected. Because of the inordinate task of com- 
pilation, the brazans, the dinaphthylene oxides, the morphine alkaloids, 
and many other derivatives of fused ring systems inhering a dibenzofuran 
nucleus have been omitted. Chemical Abstracts has been the criterion 
in deciding which compounds should be included. 

The likelihood of linking together the 1- and 9-positions of dibenzo- 
furan by means of a two-carbon bridge for the synthesis of 4,5-phenan- 
thrylene oxides finds the support of analogy in the literature. Pertinent 
literature citations to analogous cyclizations have been presented. 

The preparations of the following amino and hydroxy derivatives of 
dibenzofuran have been described: 4,6-dihydroxydibenzofuran (m.p. 200- 
202°), 3-hydrazinodibenzofuran (m.p. 174-175°), l,2,3,4-tetrahydro-6- 
aminodibenzofuran hydrochloride (m.p. 227-228° decompn,), bi-(4-di- 
benzofuryl) (m.p. 191°), di- (methoxy-l-dibenzofuryl) ketone (m.p. 
234°), bi- (4-methoxy-l-dibenzofuroyl) (m.p. 329°), bi- (4,6-dimethoxy- 
1-dibenzofuroyl) (m.p. above 300°), l-chloroacetyl-4-methoxydiben20- 
furan (m.p. 165- 166°), l-ethoxalyl-4-methoxydibenzofuran (m.p. 113°), 
4-methoxy-l-dibenzofuryl-a-oxoacetic acid (m.p. 187°) , 4-methoxy-diben- 

' Original thesis submitted June, 1938. Doctoral thesis number 474. 
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zofuxyl-a-oxoacetic acid seimcarbazone (m.p. 211-212° decompn.)> 3- 
hydroxy-4-methoxydibeiizofuran (m.p. 109-110°), bi- (6-methoxy-4-di- 
benzofiuryl) (m.p. 237-238°), bi- (^hydroxy-4-dibeiizofuryl) (m.p. 285- 
286°), 3,4-dimethoxydibenzofuran (m.p, 60-61°), 3,4-dihydroxydibenzo- 
furan (m.p. 164-164.5°), 4,6-dimethoxy^benzofiuan (m.p. 128-129°). 

4,6-Dimethoxydibenzofuran picrate (m.p. 161-162°) , 4-bromo-6- 
methoxydibenzofuran (m.p. 114°) , 4-broino-6-hydroxydibenzofuran (m.p. 
138-139°), 4-ainino-6-methoxydibenzofiiran (m.p. 109°), 4-^lmmo-6-hy- 
droxydibenzofuran (m.p. 191.5-192.5°), l-bromo-3,4-dimethoxydibenzo- 
furan (m.p. 108°) , l-bromo-3-hydroxy-4-methoxydibenzofuran (m.p. 
161-162°) , l-bromo-4,6-dimethoxydibenzofuran (in.p. 152°) , 1,9-dibromo- 

4,6-dimethoxydibenzofuran (in.p. 167-168°) , l,9-dibromo-4,6-dihydroxydi- 
benzofuran (ni.p. 239-240°), l,3(?)-dibromo-4-hydroxy-6-methoxydiben- 
zofuran (m.p. 177-178°), l,3(?)-dibromo-4,6-dimethoxydibenzofuran 
(m.p. 173.5-174°), 4,6-diaminobenzofuran (m.p. 152°), 4,6-diaminodiben- 
zofuran picrate (m.p. 213° decompn.) , 4,6-diacetamino^benzofuran (m.p. 
297-298°) , 4,6-diacetoxydibenzofuran (m.p. 177°) , 3,4- diacetoxydibenzo- 
furan (m.p. 104-105°) . 

l-Acetyl-4,6-dimethoxydibenzofuran (m.p. 178-179.5°), l-acetyl-3,4- 
dimethoxydibenzofurzin (m.p. 90.5-91°), l-acetyl-4,6-dimethoxydibenzo- 
furan oxime (m.p. 203-204°) , l-acetyl-3,4-dimethoxydibenzofuran oxime 
(m.p. 156-157°) , l-acetamino-4,6-dimethoxydibenzofuran (m.p. 244- 
245°), l-acetammo-3,4-dimethoxydibenzofuran (m.p. 196-196.5°), 1-ben- 
zeneuo-4-hydroxy-6-methoxydibenzofuran (m.p. 175°) , 1-benzeneazo- 

4,6-dimethoxydibenzofuran (m.p. 170°), l-ainino-4,6-dimethoxydibenzo- 
furan (m.p. 162-162.5°), l-amino-3,4-dimethoxydibenzofuran (m.p. 162.5- 
163°), 4,6-dimethoxy-l-dibenzofurancarboxylic acid (m.p. 297- 298°), 
methyl 4,6-dimethoxy-l-dibenzofurancarboxylate (m.p. 163°), diazo- 
methyl 4,6-dimethoxy-l-dibenzofuryl ketone (m.p. 151° decompn.), 4,6- 
dimethoxy-l-dibenzofurylacetamide (m.p. 210-211°), 4,6-dimethoxy-l- 
dibenzofurylacetic acid (m. p. 205-206°), l,3,9-tribenzeneazo-4,6-dime- 
thoxydibenzofuran (m.p. 191-193°) and di- (4,6-dimethoxy-l-dibenzo- 
furyl) ketone (m.p. 254-255°) . 

Several attempts to prepare a phenanthrylene oxide derivative by 
intramolecular alkylation of l-chloroacetyl-4-methoxydibenzofuran in 
intramolecular alkylation of l-chloroacetyl-4-4methoxydibenzofuran in 
the presence of aluminum chloride emphasized the noteworthy inertness 
of the chlorine atom imder the conditions of the Friedel-Crafte reaction. 
In every case either starting material was recovered or hopeless decom- 
position took place. 

The isolation of bi- (4-methoxy-l-dibenzofxiroyl) from the Friedel- 
Crafts reaction of 4-methoxydibenzofuran with oxalyl chloride sug- 
gested that in order to realize the formation of the desired o-quinone 
with oxalyl chloride, both the 1- and 9-positions of the dibenzofuran 
nucleus should be activated by the introduction of suitable substituents 
in the 4- and 6-positions. Consequently, 4,6-dimethoxydibenzofuran was 
prepared and subjected to the Friedel-Crafts reaction. Again intermole- 
cul^ condensation proceeded with the formation of bi- (4,6-dimethoxy- 
1-dibenzofuroyl) in excellent yield. Likewise, failure attended three 
efforts to syn&esize *a 4,5-phenanthridine' oxide derivative from 1-aceta- 
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inmo>4,6-c[imethoxydibenzofuran by application of the Bischler-Napier- 
alski reaction. 

Hie synthesis of 4,6-dimethoxy>l-dibenzofurylacetic acid has sup- 
plied a compoimd which holds unprecedented promise of yielding a 4,5- 
phenanth^lene oxide derivative. One unsuccessful preliminary attempt to 
achieve ring closure has been described. 

Because of the powerful ortho-orienting influence exerted by ether 
groups in organoalkali metalations, the metalation of 4-methoxy<hbenzo- 
furan with n-butyllithium followed by subsequent-oxidation of the prod- 
uct produced the two isomers, 3-hydroxy-4-methoxydiben7ofuran and 4- 
hydroxy-6-methoxydibenzofuran in almost equal quantity. The unex- 
pected isolation of bi- (6-methoxy-4-dibenzofuryl) from the same reaction 
product led to the discovery that considerable bi- (4-dibenzofuryl) is 
formed during the preparation of 4-hydroxydibenzofuran. A mechanism 
for this definitely established coupling reaction has been proposed. 



THE GROSS ANATOMY OF CORIZUS LATERALIS (SAY) 
(HEMIPTERA, CORIZIDAE)i 

Reid Davis 

From the Department of Zoology and Entomology, Iowa State College 
Received June 25, 1938 

Corxzus lateralis (Say) is a small Hemipteron which occurs in many 
localities in the United States. It is found more easily on smart weed 
(Polygonum pennsylvanicum L.) than on any other plant. Because the 
insect is plentiful, readily kept in captivity, and because very little work 
has been done on the anatomy of the family Corizidae, the writer chose 
this species for a morphological subject. 

Dissections were made after imbedding the insect just below the 
surface of beeswax in a Syracuse watch glass. This wax matrix held the 
small specimens firmly while they were being dissected. Boiling the in- 
sects for fifteen minutes hardened the internal organs to facilitate dis- 
secting. 

Micro-scalpels were improvised by breaking thin safety razor blades 
into small angular fragments, which were fastened to the tips of discarded 
dental scrapers by means of “Liquid Solder,” a metallic cement. Micro- 
needles were made the same way, using “minuten” insect pins instead of 
the pieces of razor blades. 

The n-butyl alcohol method proved satisfactory in making serial sec- 
tions. Morty-micra sections were of more help than thinner ones for ob- 
serving internal organs. 

It was foimd that the wing veins could be observed very easily if the 
wings were moimted on a layer of gylcerine jelly and covered with a 
cover glass so that the mounting medium was on only one surface of the 
wing. 

An improvised microprojector was used in making most of the draw- 
ings. A compoimd microscope was placed horizontally, with a small focus- 
ing microscope lamp (six volts) as a source of concentrated brilliant 
illumination. A silvered prism at the ocular turned the rays down on the 
drawing paper. The size of the colored images could be changed by vary- 
ing the projection distance. 

Photomicrographs were made with the above described projection 
apparatus by using photographic bromide enlarging paper in lieu of 
drawing paper. 

The anatomy of Corizus lateralis was found to be very complicated. 
The head is composed of inseparable sclerites. Two large compoimd eyes 
on each side of the head, two ocelli in the dorsal area between the eyes, 
and two six-jointed antennae constitute the more evident sensory struc- 
tures of the head. 

The beak is made up of a four-segmented labium which has a groove 
on its anterior surface to enclose the two mandibular and two maxillary 
bristles. These bristles interlock to form a food canal and a salivary canal 
running the length 6f the beak. 

^ Original thesis submitted December, 1937. Doctoral thesis number 448. 
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The labial or salivary glands are located in the cephalic portion of the 
abdomen, with only two lobes resting in the tihorax. Two salivary ducts 
connect the glands with the salivary syringe in the head. 

There are no cervical sclerites in Corizus lateralis. The prothorax is 
very broad and large. The mesothorax and metathorax are combined 
into a pterothorax, bearing the four wings. 

There is a pair of scent gland ostioles in the anterior pleural portions 
of the metathorax. The granular surrounding areas probably serve as 
evaporating plates. 

The repugnatory or scent gland is located in the metathoracic sternum. 
Composed of two convoluted tubules, the gland rests between the sternal 
furca, with the reservoir almost covering both tubules. A valvular mech- 
anism allows the secretion to be ejected from the reservoir. 

Coxa, trochanter, femur, tibia, and tarsus compose the legs. The 
pretarsus is modified for locomotion by means of claws and pulvilli. 

Basally, the fore wings are coriaceous with large veins, but the termi- 
nal portions are membranous. The hind wings are composed of three main 
regions — ^the remigium, vannus, and jugum. Vannal and jujgal folds sep- 
arate the wing areas. The fore and hind wings have a coupling device for 
imiting the two wings on each side into one fijnctional unit. 

Six segments of the abdomen are easily seen. The first is partially 
hidden by the metathorax. Dorsally, the fourth segment is concave at the 
base and at the apex, corresponding with the presence of a small dorsal 
scent gland. Segments seven and eight are usually retracted into the 
sixth and are modified for reproduction. The pleural regions form a 
prominent ridge or connexivum on each side of die abdomen, producing 
a trough-like tergum which is covered by the resting wings. 

The alimentary canal is divided into the buccal cavity, crop, proven- 
triculus, ventriculus, anterior intestine, posterior intestine, rectum, and 
anus. A stomodaeal valve is in the anterior part of the ventriculus, while 
a pyloric valve designates its caudal end. 

Four malpighian tubules are connected with the anterior intestine. 
These tubules do not coalesce at their distal ends as they do in some 
Hemiptera. Rectal papillae are not present. 

The heart is located in the dorsal section of the abdomen, with a 
slender aorta leading to the brain. Dorsal diaphragm muscles hold 
the heart in position. When viewed laterally, the ostia appear as tiny verti- 
cal elliptical perforations. Normally, the heart rate is eighty-five times per 
minute. Variations in temperature cause fluctuations in the number of 
pulsations. No reversal of flow was noticed. Numerous pericardial cells 
surround the heart. The aorta is located in the thorax and head, and is 
smaller than the heart, having no ostia or chambers. 

The brain is divided into the protocerebrum, the deutocerebrum, and 
the tritocerebrum, which are not sharply constricted from each other. 

Numerous nerves originate in the brain. A small frontal ganglion lies 
just in front. Short, thick, circumoesophageal connectives link the br§in 
and the suboesophageal ganglion. 

A single ganglion rests in the prothorax. The ganglia of the meso- 
thorax and metathorax are combined to form a large pterothoracic 
ganglion. Because of a transverse constriction, this appears as two sep- 
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arate ganglia. Posteriorly, a large median nerve sends branches into the 
abdominal segments. 

Tiny spindle-shaped ovarioles make up the ovaries. Anteriorly, the 
ovarioles taper into slender termmal jlaments which end in the thorax. 
The ovariole ducts or pedicels imits to form two common lateral oviducts 
which fuse to produce the oviductus communis. An accessory gland is 
located on the floor of the sixth segment. Part of the spermathecal duct 
coils spirally aroimd the spermatheca. 

The testes are bright red and are composed of seven sperm tubes. 
They are divided into the germarimn, zone of growth, maturation zone, 
and zone of transformation. Vasa deferentia connect Ihe testes with the 
ejaculatory reservoir. A ductus ejaculatorium carries the spermatozoa 
from the reservoir to the penis. 



EFFECT OF PLANT GROWTH-PROMOTING SUBSTANCES ON 
VITAMIN CONTENT AND REPRODUCTION OF LEMNA" 

Elmer Edward Frahm 

From the Department of Chemistry, Iowa State College 
Received June 25, 1938 

Plant growth-promoting substances of various kinds are formed in 
the shoots and roots of germinating com (auxins) and in beef liver (panto- 
thenic acid) . These, together wfdi related syndietic organic compounds, 
were used in inorganic media to determine their influence on the rate of 
reproduction of Lemna major grown in sterile cultures under electric 
light. 

Vitamin Bi has been shown to be a growth-promoting substance for 
excised roots. The production of vitamin Bi in Lemna major, grown 
under varied conditions, was determined by rat-feeding experiments. 

INFLUENCE OF EXTRACT OF BEEF LIVER (PANTOTHENIC ACID) ON 

GROWTH OF LEMNA 

Williams (8) designated as “pantothenic acid” a growth-promoting 
factor for yeast which he prepared in a crude concentrated form by frac- 
tional electrolysis of an 80 per cent methyl alcohol extract of plant and 
animal tissue. The acid was concentrated in the acidic electroylzed 
fractions and found to stimulate the growth of the yeast and also the 
growth of alfalfa seedlings (McBumey, 5) . An 80 per cent methyl alcohol 
extract of beef liver, a material foimd by Williams (8) to contain panto- 
thenic acid, was used as a source of this growth substance for experi- 
ments with Lemna. A water solution of the extract was concentrated by 
fractional electrolysis (Williams, 8). 

Lemna, free from microorganisms, were grown in Clark’s (3) sterile 
solution, with additions from the electrolyzed fractions of the liver extract, 
at a pH of 4.8. The plants were grown for four weeks under controlled 
environment (25° C. and 14% hours exposure daily to mazda illumination 
of 150 foot-candles intensity) , and were transferred to freshly prepared 
solutions at five day intervals (Clark, 2). The rate of reproduction of 
each culture was determined graphically by the method of Clark (3) . 

The rate of increase was stimulated by both the acidic and the alka- 
line fractions from tihe electrolyzed liver extract. Williams (8) did not 
report a marked stimulation of yeast from alkaline fractions but these 
gave a definite stimulation of the Lemna. McBumey (5) used only the 
acidic fractions for alfalfa seedlings and secured a stimulation of growth 
accompanied by a decrease in chlorophyll. The stimulation of Leinxm 
also accompanied by a loss of chlorophyll as well as a decrease in tne 
size of fronds and inhibition of root growth. 


* Original thesis submitted June, 1938. Doctoral thesis number 471. 
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INFLUENCE OF AUXINS ON GROWTH OF LEMNA 

The roots and shoots of germinated com were used as a source of 
auxins, the plant growth-promoting substances discovered in the tips of 
oat coleoptiles by Went (7) . Water solutions of a 95 per cent ethyl alcohol 
extract of the materials were concentrated by fractional electrolysis as 
before. Sterile Lemna were grown in inorganic media supplemented with 
the prepared extracts. The inorganic media and the growth conditions 
were identical with those outlined for the pantothenic acid experiments. 

From the shoots of com the auxins were not concentrated in any of 
the cells by the fractional electrolysis; from the com roots there was some 
indication of concentration but no regularity. Possibly the growth sub- 
stances from the two sources were not identical, but the effect on the 
Lemna was the same. 

The prepared extracts increased the rate of reproduction of Lemna 
but in both cases inhibited the growth of roots — an inhibitory effect re- 
ported by Thimann (6) for oat seedlings in auxin solutions. The stimu- 
lation of Lemna by the auxins was accompanied by a decrease in both 
chlorophyll and size of fronds. These effects were similar to those of the 
beef liver extract. 

INFLUENCE OF SYNTHETIC GROWTH-PROMOTING SUBSTANCES ON 
REPRODUCTION OF LEMNA 

Beta-indolylacetic, phenylacetic and phenylpropionic acids, organic 
compounds known to stimulate the growth of green plants, were added 
to sterile inorganic media in concentrations varying from 0.0001 to 100 
mg. per liter of media. Water solutions of the compounds were steril- 
ized by filtration through Pasteur Chamberland filter candles and com- 
bined aseptically with the sterile inorganic media. 

Beta-indolylacetic acid (identical with heteroauxin, one of the auxins 
produced in the coleoptile tips of Avena), in any of the concentrations 
used did not stimulate the rate of reproduction of the Lenma; 0.1 and 1.0 
mg. per liter of media caused a marked inhibition of root growth and a 
decrease in both chlorophyll and size of fronds, and 10 mg. or more killed 
the plants. 

The lower concentrations (0.0001 mg. up) of phenylacetic and phenyl- 
propionic acids produced a very slight increase in the rate of reproduc- 
tion of Lemna, while 0.1 and 1.0 mg. per liter of media decreased that 
function and inhibited root growth, but increased frond size. Ten mg. per 
liter of phenylacetic acid and amoimts somewhat higher than 10 mg. for 
phenylpropionic acid, were toxic to the plants. 

No permanent changes were effected in Lemna by concentrations of 
the synthetic compounds lower than the amounts which killed the plants. 
The treated Lemna, when transferred to inorganic media, returned to 
normal health and growth within three weeks. 

The results obtained from the stimulation of Lemna, both by the 
growth-promoting extracts and by the pure synthetic growth-promoters, 
indicated that any marked effects produced were at the expense of some 
other part or function of the plant. There is thus some confirmation of 
Leonian’s (4) vi^w that the synthetic auxins may be frequently growth- 
inhibiting rather than growth-inducing. 
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SYNTHESIS OF VITAMIN B, BY LEMNA GROWN UNDER VARIED 

CONDITIONS 

The presence of vitamin B] in green plants and its relation to plant 
growth-promoting substances (Bonner, 1) suggested that healthy and 
normal Lemna should synthesize the vitamin regardless of conditions of 
growth, 

Lemna were grown under the environmental conditions described for 
“Pantothenic Acid,’* and also in a soil-water mixture m sunlight in the 
presence of microorganisms and organic matter. Excess plants from 
these cultures were air-dried and included in the diet of vitamin Bi- 
depleted rats as the only source of that vitamin. Under the growth con- 
ditions used, the results from two rat feeding experiments showed that 
vitamin Bi was synthesized by Lemna and that a greater quantity was pro- 
duced by sterile plants grown in inorganic media under electric light than 
by non-sterile plants grown in a soil-water mixture in sunlight. 

SUMMARY 

1. An extract of beef liver (pantothenic acid) and extracts of roots 
and shoots of germinated com (auxins) increased the rate of reproduc- 
tion of Lemna. The stimulation was accompanied by an inhibition of root 
growth and a decrease in both chlorophyll and size of the fronds. 

2. Beta-indolylacetic acid (synthetic heteroaiixin) in concentrations 
from 0.0001 to 100 mg. per liter of media did not stimulate the reproduc- 
tion of the plants; 0.1 and 1.0 mg. inhibited root growth and decreased 
both chlorophyll and size of fronds, and 10 mg. or more killed the plants. 

3. Phenylacetic and phenylpropionic acids in concentrations of 
0.0001 to 0.01 mg. per liter of media gave a very slight stimulation to the 
rate of reproduction; 0.1 and 1.0 mg. per liter decreased that function, 
inhibited root growth and caused an increase in size of fronds. Ten mg. or 
more of phenylacetic acid and amounts somewhat higher than ten mg. of 
phenylpropionic acid were toxic. 

4. Lemna, irrespective of the presence or absence of microorganisms 
and organic matter, were shown to synthesize vitamin Bi. A greater 
quantity was produced by sterile plants in inorganic media than by non- 
sterile Lemna in a soil-water mixture. 
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\ 

In 1922 G. D. Birkhoff (1) suggested a method for solving plate 
problems which involves the representation of the displacements by 
power series. C. A. Garabedian (2) and H. W. Sibert (3) used this idea 
in developing methods for solving problems in moderately thick circular 
plates. Garabedian (4) has also published some results for uniformly 
loaded rectanguTikr plates. 

The author gives a solution for the displacements in an elastic iso- 
tropic moderately thick rectangular plate imder the action of any given 
load which can be expressed as a polynomial in x,y continuous over the 
entire plate and with prescribed boundary conditions at the edges. The 
method, similar to that used by Sibert (3) for circular plates, is based on 
the assumption that the components of displacement can be developed in 
positive integral powers of z. In this type of problem, the displacements 
must satisfy (a) the stress equations of equilibrium throughout the plate, 
(b) the surface traction conditions on the upper and lower faces, and (c) 
the boundary conditions at the edges. 


GENERAL THEORY 


The displacements, u, v, w, are given by 


cv) no (V 



where Un, V„, and W,, are continuous and continuously differentiable 
functions of x,y. When these displacements are substituted in the equa- 
tions of equilibrium (A. E. H. Love (5) , p. 134) recurrence relations are 
obtained by which Un, V„, and W,, are expressed in terms of Uo, Vo, Wo, 
Ui, Vi, and Wi. 

A right-handed coordinate system with the faces of the plate 
z = ± h, X = o, X = a, y = o, and y = b is used. When the displacements 
are made to satisfy the surface traction conditions (Love (5) , p. 77 and 
p. 101) two simultaneous systems of partial differential equations are 
obtained. One system involves only Wo, Ui, and Vi; the other, only Uo, 
Vo, and Wi. 

For simplicity the problem is restricted to the case of a normal sur- 
face load only. Tlie solution for the case of a shearing load is very similar 
to this case. By superposing these solutions, the results for more compli- 
cated problems can be obtained. • 

The general solutions of the two simultaneous systems of equations 
are obtained by an indirect process due to Sibert (3) . 


‘ Original thesis submitted Jime, 1936. Doctoral thesis number 369. 
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A* 6^ 4uh* 2Eh* , 

LetA 2 =-— H ; D = — — = ; —Pi and— Pa, 

dx® dy® 3 (1 — c) 3 (1 — o®) 

where pi and pa are functions of x,y, equal the diSeroice and sum, xe- 
spectivefy, of tiie normal loads on the top and bottom of the plate. The 
general solutions are 

(2) A4Wo=2^-^^t(2-o)dL-b.], 

n- 0 ^ 

V 

(3) AiUi gj + bn] , 

D=^0 

~ h®“ Aan ( -^ ) 

(4) A4Vi= 2] [q«l. + b„]. 

n**o 


(6) AaWi = £ 1 [ (1 _ o) c„ + oa„] , 

(7) A,U.=2, ; ■ ■[<7C. + (l-»)8.], 


(8) A.V«=2 


(^) 


[oCa + (1 — o)a„] , 


/a\ A ( ^^0 I ^ h*“ Aaa+2 Pa r i /■• \ t 

<9) ^ IT d7 ' — iil f ’ 

where ao = 0, bo = 1, Co = 1, do = 0, 


“• =£<-'> (a + s)! 


(n = l,2,3 ), 


.. .V, (l + 2)[(i + 2)W,-(l+l)(l-<i)d..,.,] 




(n — 1, 2, 3) • • .) I 
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n-l 

c=2(-i)' 

l*»o 

n-1 

d.=l (-1)* 

1 = 0 


(i + — ica-i-t 

(2i + 2)! 


(i + 1) — i (1 — o) dn-i-i 

(1-0) (2i + 2)! 


(n = l,2,3, . . .). 

(n = l,2,3, . . .). 


Tbe displacements u, v, w are readily obtained when the six functions 
Uo, Vo, Wo, Ui, Vi and Wi are known. Therefore, one can say that the 
differential equations (2) to (9) inclusive dehne the displacements. 
Furthermore, the displacements ^fined by these differential ^uations 
satisfy the equilibrium equations and the sinrface traction conditions for 
any normal load which can be expressed as a polynomial in x, y continuous 
over the entire plate. It remains to solve these differential equations 
subject to particular sets of edge conditions. 

NORMAL LOAD, pi(x,y)=:p2(x,y) = p(x + — + 

a D 


The displacements are foimd for a 


/ ox By 

normal load P\,XH j-TT 

a D 


on the top surface of the plate where a and b are the horizontal dimen- 
sions of the plate, X, a, and P are arbitrary constants, and P is a uniform 
load per unit of area. In each ca^r the edges x = o,a are pinned. The 
three cases where the edges y = o,b are pinned, clamped, and free are 
solved. In each case the moderately thick plate solution consists of the 
corresponding thin plate solution plus corrections. Each moderately thick 
plate solution reduces to that given by Garabedian (4) for the case X = 1 
and a = p = o. 
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The chemistry of furan analogs has been extended in an investigation 
of the sulfur analog, dibenzothiophene. A review of the natural occur- 
rence and methods of preparation of dibenzothiophene, and of several 
general methods for the ring closure synthesis of dibenzothiophene de- 
rivatives has been made. 

The most extensive study of the orientation in dibenzothiophene is 
that of Courtot and co-workers. They have shown that halogenation, 
nitration, and sulfonation affect the 2- and 2,8-positions (para to the sulfur 
linkage) . In extending this study it has now been found that acetylation 
by the Friedel-Crafts reaction, using acetyl chloride and anhydrous 
aluminum chloride in carbon disulfide gives 2-acetyldibenzothiophene, 
m.p. 111°. The structure of this ketone was established by oxidation with 
iodine and sodium hydroxide to dibenzothiophene-2-carboxylic acid, first 
prepared by Courtot, Nicolas and Liang^ Methyl dibenzothiophene-2- 
carboxylate, m.p. 74-75°. 

Dibenzothiophene has been found to undergo metalation with various 
organolithium compounds to give, after carbonation with solid carbon 
dioxide, dibenzothiophene-4-carboxylic acid, m.p. 252-253°; methyl ester, 
m. p. 95°. The structure of this acid was established by treating 4-dibenzo- 
thienyllithium with dimethyl sulfate to give 4-methyldibenzothiophene, 
m.p. 66.5°, and comparing it with an authentic specimen prepared by the 
reaction of 3-methyl-2,2'-dihydroxybiphenyl and phosphorus pentasulfide. 
The yields of dibenzothiophene-4-carboxylic acid from n-butyl-, phenyl-, 
a-naphthyl-, and p-anisyllithium were found to be approximately 65, 12, 
7.6 and 0 per cent, respectively. An anomalous behavior of p-anisyl- 
lithium is noted which may accoimt for the absence of any metalation. 

Phenylcalcium iodide metalates dibenzofuran in the same position as 
do the organolithium compounds. However, treatment of dibenzothio- 
phene with phenylcalcium iodide, followed by carbonation, gave a mono- 
basic acid different from the 2- and 4-acids; m.p. 300-305° (dec.) ; methyl 
ester, m.p. 129-130°. Decarboxylation of the acid gave dibenzothiophene. 
This acid is probably dibenzothiophene-3-carboxylic acid. 

Mercuration of dibenzothiophene by fusion with mercuric acetate 
gives what appears to be a monoacetoxymercuri derivative [m.p. 215° 
(dec.)] which is contaminated with a small amount of polymercurated 
materi^. The position of mercuration is unestablished. 

Treatment of 4-dibenzothienyllithium with oxygen gives 4-hydroxy- 
dibenzothiophene, m.p. 167°. This phenol gives a green color with ferric 
chloride and, upon nitration with concentrated nitric acid in warm acetic 
acid solution, a dinitro derivatve, dark red crystals, m.p. 204° (dec.). 

'Original thesis submitted March, 1938. Doctoral thesis number 459 
^Courtot, Nicolas and Liang, Com.pt, rend,, 186, 1624 (1928). 
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Methylation of 4-hydroxydibeii2othiophene gives 4-methoxydiben2othio- 
phene, m.p. 123^. 

Vfhen 4-hydroxydibenzothiophene is treated with sodium bisulfite 
and concentrated aqueous ammonia, 4-aminodibenzothiophene is obtain^, 
m.p. 110®; acetyl derivative, m.p. 198®. A better synthesis of the 4-amino- 
dibenzothiophene consists of treating crude 4-bromodibenzothiophene 
with concentrated aqueous ammonia and cuprous bromide in a bomb. 
The 4-bromodibenzothiophene is obtained by the reaction of bromine with 
4-dibenzothienyllithium and need not be separated from the accompanying 
dibenzothiophene. Bromination of 4-acetaminodibenzothiophene gives a 
monobromo derivative, m.p. 254®, which is probably l-bromo-4-acetamino- 
dibenzothiophene. 

With the original intention of preparing alkylated imidazoles for 
physiological tests, the nitration of 2-acetaminodibenzothiophene was 
studied. 2-Acetaminodibenzothiophene was first reported* as melting at 
168® but was foimd to melt at 178®. Because of the difficulty of obtaining 
2>nitrodibenzothiophene in good yield by direct nitration, for conversion 
into the desired amine, two new routes to the acetamino derivative were 
developed. The first involves the bromination of dibenzothiophene, amina- 
tion of the bromo derivative with ammonia, and acetylation of the result- 
ing amine. The other method consists of effecting the Beckmann rear- 
r^gement of the oxime (m.p. 160-161®) of 2-acetyldibenzothiophene. By 
either route, the overall yield of acetamino compound, based on the di- 
benzothiophene, is at least 38 per cent. Nitration of 2-acetaminodibenzo- 
thiophene with fuming nitric acid in acetic anhydride gives a nitro-aceta- 
mino compound, m.p. 209®, in 67 per cent yield, and a small amount of a 
nitro-aminodibenzoAiophene is also formed, m.p. 248-250® (dec.). An 
attempt to hydrolyze nitro-2-acetaminodibenzothiophene with alcoholic 
hydrochloric acid gave an as yet unidentified nitrogen-free material, 
m.p. 88®. 

Dibenzothiophene is best prepared by heating biphenyl with sulfur in 
the presence of aluminum chloride. The possibility of obtaining substi- 
tuted dibenzothiophenes by starting with substituted biphenyls was in- 
vestigated but the polymerizing effect of the cataylst under conditions 
necessary to cause an evolution of hydrogen sulfide seems quite marked, 
and from p-bromobiphenyl the only product which could be isolated was 
dibenzothiophene, in 15 per cent yield. The use of a milder condensing 
agent is apparently not practicable but there are some indications which 
point to the success of the method when chlorobiphenyls and a lower tem- 
perature are employed. 

Two polycyclic, condensed-ring compounds containing the dibenzo- 
thiophene system have been synthesized for physiological tests. The first, 
l-keto-l,2,3,4-tetrahydrothiobrazan (p- or y-) was prepared as follows. 
Succinic anhydride was condensed with dibenzothiophene in the presence 
of anhydrous aluminum chloride to give p-2-dibenzothenoylpropionic acid, 
m.p. 160.5-161®. This was reduced with zinc and hydrochloric acid to^give 
Y-2-dibenzothienylbutyric acid, m.p. 131®. Cyclodehydration of the latter 
with sulfuric acid gave the l-keto-l,2,3,4-tetrahydrothiobrazan, m.p. 178®. 

The second condensed-ring compound was prepared in a similar man- 
ner from dibenzothiophene and phthalic anhydride. The resulting o-2- 

* Courtot and Pomonis, Compt rend,, 182, 931 (1926) . 
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dibezizothenoylbenzoic acid (unstable hydrate, m«p. 120-125^; ethyl ester, 
inup. 105-106^) was cyclized by fusion with a mixture of aluminum chloride 
and sodium chloride to give yellow crystals of a thionaphthenoanthra- 
quinone, m.p. 285-286®. 

When dibenzothiophene is treated wth sodium in liquid ammonia a 
dihydro derivative is obtained, m.p. 76®; picrate, red ne^es, m.p. 105®. 
By analogy with naphthalene, phenant^ene, and dibenzofuran, this is 
probably l,4-dihydr<^benzothiophene. When treated with bromine in 
chloroform solution at 0®, the dihydrodibenzothiophene absorbs a mole of 
bromine without evolution of hydrogen bromide. The resulting oil loses 
hydrogen bromide when warmed and gives an almost quantitative yield of 
dibenzothiophene. This behavior of the bromine addition product is 
analogous to that of the bromide of 1,4-dihydronaphthalene^. 

'l^en 1,4-dihydrodibenzothiophene is treated with phenyllithium un- 
der conditions identical with those employed in metalations, dibenzothio- 
phene is obtained in almost quantitative yield, along with an appreciable 
amoimt of benzene and a white solid which behaves like lithium hydride. It 
was subsequently shown that phenyllithium is cleaved by hydrogen in the 
absence of a catalyst to give benzene and lithium hydride. The readily 
obtainable phenylisopropylpotassium exerts a similar dehydrogenating 
effect on the dihydrodibenzothiophene. 

Earlier work on the reduction of organometallic compounds has been 
done in this country by Adkins^ In 1932 he established a series of organo- 
metallic compounds in the order of their decreasing ease of reduction as 
follows, R 2 Mg, R 2 Zn, R 4 Pb. The compoimd RLi (phenyllithium) was 
foimd to apparently imdergo reduction with greater ease than reported 
for the magnesium compoimd, thus bringing it into this series before the 
others. The series, it vkil be noticed, is then in the order of decreasing 
xeactivity as established by other methods. 


* Bamberger and Lodter, Ber., 20, 1706 (1887). 

* Zartmann and Adkins, J. Am. Chem, Soc., 54, 3398 (1932) . 
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The literature relating to the use of CO 2 in admixture with fumigants 
shows not only that moderate concentrations of this gas may have a 
marked effect on the respiratory system of insects, but also that the quan- 
tity which is required to give the maximum insecticidal effect will vary 
with the kind of fumigant with which it is combined. The writer gives 
data on the proper proportions in which the COo should be combined with 
methyl formate, ethylene oxide and methyl bromide, and shows that the 
stimulative effect produced by the CO 2 may be partly or wholly nullified 
if the percentage in the gaseous mixture is increased beyond the amount 
which is foimd to give the maximum increase in toxicity. 

An analysis of the proprietary fumigant mixtures containing CO 2 in 
admixture with methyl formate, ethylene oxide and methyl bromide indi- 
cates that the percentage of CO 2 incorporated mto these mixtures is 
based upon the quantity which is required to remove the fire-hazard of the 
fumigant, rather than upon the concentration which would affect the 
maximum increase in the toxicity the fumigant. A better approach to 
the problem of determining the most effective fumigant-C02 * mixture 
would be to ascertain the actual toxicological effects attending the expos- 
ure of insects to these fumigants when they are admixed with CO 2 in 
various proportions. The writer has attempted to do this in the present 
investigation. 

The apparatus employed in the investigation was developed by the 
writer and has the advantage of permitting the vapors of volatile fumi- 
gants, instead of the liquid substance, to be introduced into partially 
evacuated 5-liter balloon flasks. The amounts are measured by means of 
a mercury manometer and the concentrations are expressed as milligrams 
per liter or per cent by volume. 

Tests were first conducted to determine the concentrations of methyl 
formate, ethylene oxide and methyl bromide which are required to kill 
100 per cent of the adults of the rust-red flour beetle (Triholium cos- 
taneum) in 5 hours at a temperature of 27® C. The results are as follows: 
(1) methyl formate, 25.0 mg, per liter, (2) ethylene oxide, 17.5 mg, per 
liter and (3) methyl bromide, 8,75 mg. per liter. 

The addition of CO 2 has a marked effect on the toxicity of methyl 
formate to the adults of the above insect. When 1 per cent of CO 2 is 
added to atmospheres containing 25.0 mg. of methyl formate per liter, 4he 
period of exposure required to kill all of the beetles is decreased to 3.5 
hours, as compared with 5 hours when no CO 2 is present in the gaseous 
mixture. The addition of 5, 10, 20 and 40 per cent of CO 2 reduces the time 

‘ Original thesis submitted December, 1937. Doctoral thesis number 454. 
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required to Iriii all of the insects to 2.5,2, 1.5 and .75 hours, respectively. 
Concentrations of CO 2 in excess of 40 per cent apparently impart no addi- 
tional increase in toxicity to methyl formate. 

The results obtained with e&ylene oxide (17.5 mg. per liter) indi- 
cate that the addition of 1 per cent of CO 2 does not increase the toxicity 
of this chemical to T. castaneum. When 5 per cent of CO 2 is added to 
ethylene oxide, however, the length of time necessary to aifect a 100 per 
cent kill of the beetles is reduced to 3 hours, as compared with 5 hours 
when no CO 2 is present. A further reduction in time to 1.5 hours is ob- 
served when the concentration of CO 2 is increased to 10 per cent. All of the 
insects are killed in three-fourths of an hour when CO 2 is admixed at the 
rate of 20, 40, 60, 80 and 99.8 per cent. The addition of 60 per cent of CO 2 
apparently produces the maximum insecticidal effect with ethylene 
oxide. Mixtures containing 80 and 99.8 per cent of CO 2 appear to be 
somewhat less toxic than those which have 60 per cent incorporated into 
the gaseous mixture. 

The results also show that the addition of CO 2 does not increase the 
toxicity of methyl bromide to the same extent as observed with methyl 
formate and ethylene oxide. Atmospheres of methyl bromide (8.75 mg. 
per liter) containing 1 per cent and 99.8 per cent of CO 2 have about the 
same degree of toxicity to T. castaneum and are only slightly more toxic 
than methyl bromide without CO 2 . Both mixtures require 4.5 hours to 
kill all of the insects, as compared with an exposure period of 5 hours 
without the CO 2 . Likewise, methyl bromide plus 80 per cent of CO 2 is 
apparently no more toxic than mixtures having 5 per cent of CO 2 , as an 
exposure of 4 hours is required to kill 100 per cent of the beetles with 
each concentration. Ten to 40 per cent of CO 2 produce the maximum 
stimulative effect when used in admixture with 8.75 mg. of methyl bro- 
mide per liter, and the results indicate that mixtures containing 20 per 
cent are the most effective, especially in the lower range of mortalities. 

The data presented in the thesis indicate, therefore, that the maxi- 
mtim insecticidal effect of methyl formate, ethylene oxide and methyl bro- 
mide is obtained with concentrations of 40, 60 and 20 per cent of CO 2 , re- 
spectively, and that the addition of CO 2 in excess of these percentages may 
either impart no further increase in toxicity to the mixture, or may 
actually decrease the effectiveness of the gaseous mixture. 



THE CRAWFISHES OF MISSISSIPPI, WITH SPECIAL REFERENCE 
TO THE BIOLOGY AND CONTROL OF DESTRUCTIVE SPECIES" 

Clay Lyle 

From the Department of Zoology and Entomology, Iowa State College 
Received June 25, 1938 

This study of Mississippi crawfishes^ resulted when a group of 
planters in the Northeast Prairie soil belt of Mississippi in 1932 requested 
die Mississippi Agricultural Experiment Station to develop control meas- 
ures for a species which was very destructive to farm crops in that section. 
While conducting that investigation the writer became interested in 
learning how many species occurred in Mississippi. Collections were 
made in many parts of the state. The collection of the Zoology and Ento- 
mology Department of Mississippi State College, largely imidentified 
until die inception of this study, has been of much assistance. Compari- 
sons of specimens with types in the Harvard Museum of Comparative 
Zoology and in the National Museum aided greatly with the identifications. 

HISTORICAL 

The earliest of any taxonomic work on crawfishes from Mississippi 
was by Charles Girard, who named the first species in 1852. In 1870 Hagen 
listed three species from the state in his “Monograph of the Astacidae.” 
Faxon reported seven in 1885 and ten in 1914. The catalog of the National 
Museum now lists twelve authentic species. This study has increased the 
total number of known Mississippi species to 22, of which eight are new 
species and subspecies. Types are being retained at present in the col- 
lection of the Zoology and Entomology Department of Mississippi State 
College but will ultimately be deposited in the National Museum and the 
Harvard Museum of Comparative Zoology. 

ECONOMIC IMPORTANCE 

The only crawfishes in the United States greatly destructive to farm 
crops are Camharus hagenianus Faxon and its subspecies, which appar- 
ently occur only in Mississippi and Alabama. Other species may drain 
ponds as a result of their burrows in dams, or may cause rivers at flood 
stage to break through levees weakened by Aeir tunnels. 

Of minor importance for human food, crawfish are very valuable in 
the diet of many animals such as raccoons, minks, opossums, bears and 
alligators. Wading birds, as well as some ducks, consume large numbers. 
Trout, bass, crappie, perch and other fish make theryi a staple item in 
their diets. 


* Original thesis submitted July, 1937. Doctoral thesis number 439. 

* The term “crawfish” is used in this paper since it is the common name for these 
animals throughout the South and in other rural sections of the United States. It was 
early given approval in a scientific publication on Crustacea by Thomas Say in 1817. 
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GENERAL ANATOMY AND BIOLOGY 

These subjects are treated in so many zoological texts it is unnecessary 
to discuss them here.^ 


CLASSIFICATION 

Subgenera of the Genus Camharus Erichson 

All crawfishes in the United States east of the Rocky Mountains be- 
long to the genus Camharus Erichson. Mississippi apparently has repre- 
sentatives of all the subgenera known in the United States at this time. 
The following are recorded with the Mississippi species of each.^ 

Subgenus Girardiella, new subgenus (Faxon’s Group II) 

1. Camharus hagenianus Faxon 

2. Camhartis hagenianus evansi, new subspecies 

3. Camharus hagenianus carri, new subspecies 

4. Camharus hagenianus forestae, new subspecies 

Subgenus Ortmannicus Fowler (Faxon’s Group III) 

5. Camharus hlandingii acutus Girard 

6. Camharus hayi Faxon 

7. Camharus clarkii Girard 

8. Camharus cookae, new species 

9. Camharus evictus, new species 

10. Camharus spiculifer LeConte 

11. Camharus versutus Hagen 

Subgenus Paracamharus Ortmann (Faxon’s Group IV) 

12. Camharus hamedi, new species 

Subgenus Camharellus Ortmann (Faxon’s Group V) 

13. Camharus shufeldtii Faxon 

Subgenus Faxonius Ortmann (Faxon’s Group VI) 

14. Camharus lancifer Hagen 

Ifi. Camharus mississippiensis Faxon 

16. Camharus creaseri, new species 

Subgenus Camharus Fowler (Faxon’s Group VII) 

17. Camharus diogenes Girard 

18. Camharus diogenes ludovicianus Faxon 

19. Camharus latzmamis LieConte 

20. Camharus argtllicola Faxon 

21. Camharus lohdelli, new species 

Subgenus Faxonella Greaser 

22. Camharus clypeatus Hay 

*The thesis contains a chapter on these subjects with an illustration of all the 
parts of a crawfish ifteful in identification. 

*A to the crawfishes of Mississippi, descriptions of new species, and distin- 
guishing ctuuracters of others in the state, are included in the thesis. 
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THE BIOLOGY AND CONTROL OF CAMBARUS HAGENIANUS FAXON AND 

ITS SUBSPECIES 
BIOLOGY 

These crawfishes inhabit the lime soils of Mississippi and Alabama. 
Each subspecies is separated from the others but their habits are very simi- 
lar. To secure information on their habits, flashlight observations on many 
rainy nights and the excavation of many burrows were supplemented by 
laboratory studies of individuals in gla^ cages of soil stamling in water. 
They live in deep burrows and never visit ponds or streams as do most 
other species. Their diet is chiefly vegetarian and on rainy spring nights 
they often destroy entire fields of yoimg com and cotton. They can live 
long periods without food, eight or nine months in some cases. They sur- 
vive temperatures of 38° F. and probably lower but die quickly at 100- 
102° F. Only a small percentage of the females produce young each year. 
Oviposition occurs in the fall, the young usually hatching from October 
to December and remaining in the burrow with the mother imtil the win- 
ter or spring of the second year, or 12 to 18 months. The average number 
of young is about five or six, the maximum foimd in any nest being 20. 
Apparently they become sexually ftmctional in about three years and at- 
tain full size when six or seven years old. 

CONTROL 

The best control is the application of poison to the burrows when the 
water level is only a few inches from the surface of the groimd, or from 
January to May in most years. Pyrethrum, commercial creosote stock 
dips, coal tar creosote, orthodichlorobenzene, sodium cyanide, tiupentine, 
oiilio cresole, cresylic acid, miscible pine oil, nicotine, carbon bisulphide, 
phenothiazine and calcium cyanamid were toxic in laboratory tests in the 
order named. Ineffective materials included the arsenicals, rotenone, 
picric acid, pyridine, resorcinol, thallium sulphate and several others. 
Pyrethrum was ineffective at the temperatures in the burrows. 

The creosote stock dips are recommended on account of their low 
cost and ease of application. With infestations of 10,000 burrows per acre 
the cost of material is. about 50 to 60 cents per acre. Where the stock dips 
are not available at low cost, home-made emulsions of turpentine and 
creosote are advised. 

Applications on small areas may be made with compressed air 
sprayers. On large plantations a double-acting force pump, motmted on a 
wagon and supplying several leads of hose, is very satisfactory. Splendid 
results have b^n secured on large-scale tests covering several hundred 
acres. 



SOME FACTORS AFFECTING THE RAMAN FREQUENCIES OF THE 
CARBON-MERCURY BOND' 

Frank Stephen Martin 

From the Department of Chemistry, Iowa State C(Mege 
Received June 25, 1938 

Theoretical considerations indicate that Raman spectra studies should 
show how the carbon-mercury bond varies as the radical attached to the 
mercury is changed. 

Hixon and Johns* found that the polar properties of a series of com- 
pounds such as RNHo or RCOOH which contain one polar group could 
be expressed as a function of the electron sharing ability of the radical R. 
Later studies on a number of equilibria supported the original hypothesis 
and confirmed the order in which the radicals were arranged. Studies of 
refractivity and thermal stability of compounds of the type R^Hg and 
RHgCN by Carr* have added some purely physical measurements to the 
physico-chemical studies. 

All these experiments measured the electron sharing ability indi- 
rectly. The present investigation was imdertaken as a direct study of the 
bond between the radical and another group or atom. A series of R'.>Hg 
compoimds was chosen for the study because refractivity and thermal 
stabiltiy data were available for a number of these compounds. 

The apparatus consisted of a high speed sfiectograph and an auxiliary 
excitation imit for producing the Raman spectra. The excitation unit was 
in the form of an elliptical cylinder and was made from polished sheet 
aluminum. The tube holding the liquid under investigation was placed in 
a vertical positon inside a condenser at one focus of the ellipse. ITie direct 
current mercury arc used as a light source was placed at the other focus 
of the ellipse. A total reflecting prism located directly below the Raman 
tube served to send light through a condensing lens into the spectograph. 
A slit in the elliptical reflector midway between the arc and the Raman 
tube allowed a glass light filter to be inserted. Solutions containing dis- 
solved salts were circulated through the condenser to act as additional 
light filters and to keep the solution or liquid in the Raman tube at the 
proper temperature. 

The following compounds’ spectra were photographed: Diethylmer- 
cury, diethylmercury in carbon tetrachloride, diethylmercury in acetone, 
di-n-propylmercury, di-n-propylmercury in carbon tetrachloride, diben- 
zylmercury in carbon tetrachloride, dibenzylmercury in acetone, diphenyl- 
mercury in carbon tetrachloride, mercuric cyanide in acetone and mer- 
curic chloride in acetone. Attempts were made to obtain the spectra of 
di-p-tolylmercury and di-alpha-naphthylmercury. Due to the very low 
solubility of these compounds no results were obtained for them. 


* Original thesis submitted June, 1938. Doctoral thesis number 476. 
’Hixon and JoAns, J. Am. Chem. Soc. 49, 1786 (1925). 

* Carr, Unpublished work, this laboratory. (1934.) 
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The frequencies observed for the compounds investigated are listed 
in table 1. 

TABLE 1. Frequencies of a series of organomercury compounds, RzHg 


Propyl 

Ethyl 

mum 

Phenyl 

Chloride 

Cyanide 

171 (0) 

140 (1) 

175 (m) 

152 (5) 

321 (5) 

276 (w) 

276 (3) 

212 (2) 

260 

340 



381 (3) 

264 (3) 

325 

382 



501 (10) 

329 (0) 

560 (5) 

555 (s) 



585 (4) 

486 (8) 

638 

580 



791 (0) 

562 (0) 

690 

619 



863 (1) 

633 (0) 

810 

652 (s) 



1016 (2) 

958 (1) 

996 (s) 

700 



1084 (2) 

1008 (3) 

1070 

997 (s) 



1158 (10) 

1055 (2) 

1153 

1060 



1267 (00) 

1178 (6) 

1205 

1185 



1326 (00) 

1370 (1) 


1262 



1446 (2) 

1421 (3) 
1455 (3) 


1370 




No separation of the frequencies listed in table 1 has been made on 
the basis of the solvent used. Variations due to the solvent were less than 
the experimental error in measuring the frequencies. 

The molecules were considered as linear triatomic systems for the 
purpose of calculating force constants for the carbon-mercury bond. 
Table 2 shows the frequencies selected as the fundamentals and the force 
constants for the carbon-mercury bond. These constants are considered 
as representing the restoring forces which act on the group which vibrates. 


TABLE 2. Fundamental frequencies and force constants for HsHg compounds 


Radical 

Vi 

Vs 

V» 


K 

Propyl 

501 

171 

585 

5.4 

0.27 

Ethyl 

486 

140 

562 

4.7 

0.13 

Medxyr 

515 

156 

565 

3.2 

0.09 

Benzyl 

560 

175 

638 

5.5 

0.63 

Phenyl 

555 

152 

652 

6.9 

0.38 

Chloride 

321 



2.2 


Cyanide 

276 



1.2 



In table 2, ki represents the stretching constant and ka represents the 
bending constant. These and other constants calculated indicate that Ae 
radicals vibrate almost as units in the aliphatic compounds. The ram- 
cals do not vibrate as units in the aromtic compounds. i_ v v 

The values obtained for the bending constants indicate that the m- 
phatic compounds are much more flexible than the aromatic compounds. 


^HiompBon and Linnett, Proc. Roy, Soc. (-London) A 160, 130 (1037). 
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Hie force constants and other information obtained from the Banian 
spectra were compared with the information given by thermal stability 
and refraction studies on the R^Hg compounds. 

I£ the radicals are placed in the order indicated by the dissociation 
constants of the amines the force constant curve shows a maximunt Hiis 
maximum is at the same point as the minimum thermal stability and 
maximum refractivity of mercury in the same compoimds. 



CHARACTERIZATION OF CERTAIN PRODUCTS OF STARCH- 
ENZYME DIGESTION! 

Vera Dawson Martin 

From the Department of Chemutry, Iowa State College 
Received June 25, 1938 

Three fairly definite materials appear to be the result of beta amylase 
action on starches. They are: (1) The material which flocculates during 
the digestion, (2) 60-67 per cent maltose, (3) “residual dextrins” or 
“alpha amylodextrin.” The purpose of this investigation was to prepare 
and study the flocculent material and residual material from beta amylase 
action on a series of starches. 

The course of enzyme action was studied in order to determine the 
length of time to allow the enzyme to act and to determine any differences 
in beta amylase action on starches of different origin. The effects of the 
enzjrme on viscosity, “residual starch”*, and reducing action of flie sub- 
strates were measured. However, the results of these determinations on 
the same digestion could not be correlated. 

In the digestion of two per cent soluble potato starch with oat enzyme 
the viscosity had reached a minimum after 30 minutes of digestion, but 
the amount of material precipitated by 55 per cent alcohol was still de- 
creasing after one hour. These two methods measure different effects of 
amylase action. Neither method is suictly a measme of the decrease in 
molecular size of the substrate as digestion proceeds. The reducing action 
against alkaline copper was still increasing after 50 minutes digestion. 
Similar experiments on the digestion of natural com and potato starches 
with wheat amylase gave no correlation of the different methods. The 
results indicated fliat determinations of viscosity, “residual starch,” and 
reducing action by Fehling’s gravimetric method were not applicable to 
following the hydrolysis of natural starches. 

Two other methods of following the reducing action during enzyme 
digestion were worked out. The modified Hagedom and Jensen* sugar 
method gave satisfactory results during digestion of starches that had 
been boiled. However, when the substrates had been heated below the 
boiling point the results wiffi this method were in error due to unswollen 
starch particles which held the iodine. A potentiometric sugar method was 
devised to remove this difficulty. Hie method of Hassid* was modified to 
a macro determination and the titration of ferrocyanide with ceric sulfate 
was followed potentiometrically. 

A comparison of the rates of hydrolysis of natural and alcoholic HCl 
treated com and potato starches was made. The substrates were prepared 


* Original tlieas submitted June, 1938. Doctoral theas number 472. 

* Caldwell and HUdebrand, J. Bid. Chem. Ill, 411 (1935). 

* Hagedom and Jensen, fii^em. Z. 137, 92 (1823). 

* Hassid, Ind. En0. Chem. (Anal. Ed.) 9 , 228 (1937). 


[ 81 ] 



82 


VXRA DAWSON MARTIN 


by boiling, and the beta amylase from soybeans was iised®. Changes in 
viscosity and reducing action as measured by the Hagedom and Jensen 
method were followed. The decrease in viscosity was very markedly af- 
fected by the alcoholic HCl treatment of the starch. Liquefaction of the 
com starches proceeded more rapidly than that of the potato starch, 
either treated or natural. The treatment of the starches had very little 
effect on the rate of sugar formation by beta amylase. Sugar production 
proceeded more rapidly during the digestion of com starch Uian either 
natural or treated potato starch. However, after 24 hours the percentage 
reducing value as maltose was 66-68 per cent in the digestions of the un- 
modified starches. The value for the digestions of treated com and potato 
starches was 61 per cent. It is possible that the treatment of the starches 
had washed out some more soluble portion of the starch which was digest- 
ible by beta amylase. 

A study of the effect of temperature of preparing the substrate on the 
rate of beta amylase action on potato, com, rice, wheat and tapioca 
starches was made. Substrates were prepared from these starches by heat- 
ing 30 minutes at 60®, 70®, 80®, 90®, 100®, and 120° C. The rates of hydroly- 
sis of the starch substrates by soybean amylase were measured by the 
potentiometric determination of the sugars formed. In every case except 
rice starch an optimum temperature of preparing the starch for soybean 
amylase action was indicated — 70® for potato, 80® for tapioca, and 90® 
for com and wheat starches. Temperatures of 80® or above gave the 
maximum rate of soybean enzyme hydrolysis. The optimum gelatiniza- 
tion temperatures were much lower for the root starches than for the 
cereal starches. However, the rates of soybean amylase action on the dif- 
ferent substrates prepared at their optimum temperatures were all about 
the same. The final reducing values were all 60-70 per cent of the original 
starch. This series contained starches of very high and very low phos- 
phoms and fatty acid content. If these groups are important in enzyme 
action, some differences should have been noted. 

The material which flocculates during enzyme digestion of starches 
(precipitate A ) and the residual material from beta amylase action which 
is precipitated by 60 per cent alcohol (precipitate B) were prepared from 
the same series of starches. The precipitates were repeatedly suspended 
in water and electrodialyzed in order to remove maltose and ions. The 
materials were finally dried by grinding under absolute alcohol and ether. 
When the ether was removed the materials were ground to white powders. 

Precipitate A from the cereal starches was formed in larger amounts 
and settled out of the digestions. Precipitate A from the root starches 
was transparent when collected in the bowl of the supercentrifuge. 
Precipitate B from the root starches was a transparent sticky mass before 
dehydration. Precipitate B from the cereal starches was formed as a 
curdy white precipitate. One per cent suspensions of the dried powders 
showed differences also. The suspensions of precipitates A and B from 
cereal starches were turbid but not viscous. Suspensions of precipitate 
A from potato and tapioca starches were clear and quite viscous. Pre- 
cipitate B from the root starches formed clear limpid suspensions. 

‘'Hie characterization of soybean amylase is unpublished work by Mr. J. M. 
Newton. 
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These preparations were characterized as to further hydrolysis by 
fresh beta amylase, reducing action against copper and ferrocyanide, 
pho^horus and fat content, and recovery in the starch determination of 
Denny®. These data support in the following ways the hypothesis that 
precipitate A is a portion of precipitate B which for some reason is thrown 
out of suspension. 

1. Precipitates A and B from any one kind of starch are hydrolyzed 
by beta amylase to about the same degree. Here again the difference be- 
tween cereal and root starches is noticeable. These materials from root 
starches are hydrolyzed to a much less degree than precipitates A and B 
from cereal starches. 

2. The reducing values of precipitates A and B are about the same. 
This is confirmed by both potentiometric determinations and Rcu values. 

3. Precipitates A and B from any one kind of starch behave simi- 
larly in the starch determination of Denny. Precipitates A and B from 
root starches do not react at all in this determination. 

4. The data on fat and phosphorus content of precipitates A and B 
indicate that the decreased solubility of precipitate A may b6 due to either 
fat or phosphorus. The presence of high content of fatty acids should 
make Ae material less soluble, while the phosphorus should make the 
materials more soluble. 


Denny, J. Amoc. Ojficial Agr, Chem, 6, 175 (1922). 



FACTORS AFFECTING THE OCCURRENCE OF AZOTOBACTER IN 

IOWA SOILS^ 

William P. Martin 

From the Soils Department, Iowa State College 
Received June 25, 1938 

A previous investigation of the occurrence and distribution of Azoto- 
bacter in Iowa soils showed that many of the more important soil types 
of the state from the standpoint of total acreage were practically devoid 
of the bacteria. Barely a third of the 287 samples collected contained the 
bacteria. Correlation studies of the chemical composition of the samples 
and the presence of the Azotobacter indicated that the high acidity of the 
majority of these soils was the most important factor limiting the presence 
of the organisms and that the available phosphorus content was also of 
importance in many cases. Other factors being favorable, the results 
indicated further that the amount of growth which the Azotobacter would 
make in the soil depended largely upon the organic matter content and 
upon the pH. 

The present investigation was planned to study further and in more 
detail the results of the correlation studies. Carefully controlled experi- 
ments were carried out in which the effect of various soil treatments upon 
the growth of Azotobacter while in the soil was determined. 

The first studies were made of the effect of magnesium ammonium 
phosphate upon the Azotobacter. It was found that the addition of this 
compound to the soil plaques or the nitrogen-free agar medium used for 
the detection of the Azotobacter in soils, brought about a definite in- 
crease in the numbers of colonies appearing on the surface of the plates 
showing that it stimulated the growth of the bacteria. The reason for the 
stimulative action of the magnesium ammonium phosphate was traced 
to its content of available nitrogen, although, because of the slight solu- 
bility of this compound in water, only small amounts were present in the 
medium. 

In a second experiment, the influence of different fertilizers or com- 
binations of fertilizers upon the growth and activity of Azotobacter in 
typical samples of Clinton, Grundy and Clarion silt loams was determined. 
These soils represent a wide variety of soil conditions and, in addition, 
had been foimd to be generally lacking in Azotobacter. 

The fertilizers used in these experiments were (a) lime to vary the 
pH of the samples, (b) oat straw to increase the organic matter content, 

(c) sodium nitrate to determine whether or not small amounts of nitrogen 
added to these soils would actually stimulate Azotobacter growth and 

(d) treble superphosphate to increase the amount of readily available 
phosphate. 

The results showed that an addition of lime to these soils was essen- 
tial for the prolonged growth of the bacteria and that an amount sufficient 
to raise the pH to near neutrality was all that was necessary to improve 

* Original thesis submitted July, 1937. Doctoral thesis number 440. 
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the environment so that the bacteria would remain active for at least 9 
months. The growth of com, wheat or timothy on the Clinton silt loam or 
a Clarion fine sand treated with lime did not hinder the growth of the 
bacteria. 

None of the individual treatments other than lime were essential for 
the growth of the bacteria in these soils. Indeed, except for oat straw, 
none of the treatments other than lime, regardless of their combination, 
seemed to exert any influence upon the bacteria. There was some evi- 
dence when lime was present, however, that other treatments may aid the 
growth of the bacteria. This was particularly true for the oat straw treat- 
ment in the case of the Clinton silt loam. 

The limiting pH value for the growth of the Azotobacter in these soils 
was shown to approach a pH of -6.0 but it was pointed out that the actual 
limiting value for the different types probably varied with the general 
soil conditions. Thus, at the same pH, the Grundy silt loam presented a 
better medium for the growth and activity of the Azotobacter than did 
the Clinton silt loam. The results indicated that the higher organic matter 
content of the Grundy silt loam may account for this difference. 

Having found that a active flora of the Azotobacter could be main- 
tained in some acid Iowa soils by the addition of lime sufficient to raise the 
pH up to about the neutral point, inoculation experiments with the Azo- 
tobacter were conducted to determine whether or not sufficient nitrogen 
would be fixed to stimulate the growth of some typical Iowa crops. They 
were carried out in the greenhouse in triplicate with two soil types which 
responded to ntirogen fertilization, that is, Clinton silt loam and Clarion 
fine sand, and three Iowa crops, namely, com, wheat and timothy. 

The inoculation of the Clarion line sand was completely without effect 
in altering either the dry weight or total nitrogen content of any of the 
crops. Tests of this soil for the presence of the Azotobacter during the 
course of the experiment showed that they were present and active when 
the soil had been treated with lime. 

The inoculation of Clinton silt loam with Azotobacter was without 
effect in altering the dry weight and total nitrogen content of the com 
and wheat grown upon it. The timothy, however, responded very defi- 
nitely to the inoculation and a highly significant increase in both the dry 
weight and total nitrogen content of the crop was obtained. The average 
increase in the dry weight of the timothy due to the inoculation was about 
39.5 per cent; for the total nitrogen content, an increase of about 26.6 per 
cent occurred. The A.-’otobacter were more active during the course of 
the experiment in the soils which had been treated with lime. The growth 
of the bacteria in the unlimed soils, however, was large enough that the 
response of the timothy to the inoculation did not differ significantly from 
that on the samples treated with lime. 

These results indicate a need for more extended experiments upon 
the inoculation of soils with Azotobacter to test out a greater variety of 
plants on many different soils. When this is done, definite conclusisns 
regarding the usefulness of the inoculation of soils with Azotobacter in 
our soil management practices may then be reached. 



CHARACTERIZATION AND DIFFERENTIATION OF THE “INTER- 
MEDIATES” OF THE COLON-AEROGENES GROUP OF BACTERIA^ 

Nancy Booth Mitchell 

From tile Department of Bacteriology, Iowa State College 
Beceived June 25, 1938 

An investigation was made of the availability of the nitrogen of 
nucleic acid and certain of its degradation products for the coli-aerogenes 
group of bacteria in order to secure an approach, other than the carbo- 
hydrate studies, to the systematic and phsrsiological relations of the 
group. It was hoped that such a study mi^t throw light on the relations 
of the “intermediate group” to the genera Escherichia and Aerobacter. 

Investigations were concerned primarily with the availability of the 
nitrogen of nucleic acid and its degradation products. At the same time 
these compounds were tested in an exploratory manner as to their carbon, 
or carbon and nitrogen availability, and as to the effect of moderate auto- 
claving. In addition, the effect of temperatture and period of incubation 
was determined for the pyruvic acid fixation test as suggested by Reynolds 
(1935). 

The compounds tested included: yeast nucleic acid, xanthine, adenine 
sulphate, uric acid, uracil, allantoin, hydantoin, and urea. 

The basal test media consisted of: 0.5 per cent NaCl; 0.02 per cent 
MgS 04 ; and 0.004 per cent brom-thymol-blue. To investigate the avail- 
ability of nitrogen, dextrose, (0.2 per cent) was supplied as the carbon 
source, and the test compound (0.05 per cent) as the nitrogen source. To 
investigate the availability of carbon ammonium phosphate (0.2 per cent) 
was supplied as the nitrogen source, and the test compoimd (0.05 per 
cent) as the carbon source. To determine the simultaneous availability 
of carbon and nitrogen, the test compound (0.5 per cent) alone was em- 
ployed. Two ^r cent by volume of phosphate buffer (pH 7.1) was added 
to all media; if this did not adjust Ihe reaction to approximately pH 7.1, 
more of the necessary solution was added. 

The constituents were dissolved in conductivity water at a tem- 
perature below boiling. All media were sterilized by filtration through 
Chamberlain candles. Inoculation consisted of a one mm. loop of a 24 
hour broth culture. Incubation was for five days at 30° C. (temperature 
of the medium) . 

Availability of nitrogen was judged by two criteria: (1) acidification 
of the medium, as it was assumed that the dextrose woiild be attacked, 
thus creating an acid reaction, only if there were an available and ade- 
quate nitrogen source; and (2) vigor of growth. 

The bacteria employed in the nitrogen availability studies included: 
106 Escherichia; 39 A. cloacae; 31 A. aerogenes, indol -)-; 41 A. aerogenes, 
indol — ; 138 “intermediate” strains, 75 of which were contribute by 
workers outside this laboratory; and six strains which gave question- 
able VP reactions. This collection of cultures was considered represen- 
tative of the groups in question. 

‘ Origiiial thesis submitted July, 1937. Doctoral thesis number 437. 
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^^intermediates'" of colon-aerogenes group of bacteria 

The results of the fourth day of incubation showed that all strains 
tested utilized the nitrogen of adenine sulphate and xanthine. Since these 
compoiuids had no differential value, they were not considered further. 
Hie Aerobacter and VP questionable strains utilized the nitrogen of all 
other compounds tested, whereas a high percentage of the Escherichia 
utilized only the nitrogen of uracil, and the “intermediates” only the 
nitrogen of urea. 

Vigor of growth was employed as the criterion of availability of the 
carbon, or bo& carbon and nitrogen, in the compounds studied. Observa- 
tions with a limited number of strains indicated that of the compoimds 
tested as carbon, or carbon and nitrogen sources, all but adenine sidphate 
supported a vigorous growth of A. aerogenes, but not Escherichia, A. 
cloacae, or “intermediate” strains. The adenine served as an available 
source of carbon, but not carbon and nitrogen, for A. aerogenes strains. 

The test compoimds (nuclei acid, uracil, allantoin, hydantoin, urea) 
were subjected to moderate autoclaving at 15 pounds for 15 minutes and 
the media cooled immediately. Subsequent inoculation with a limited 
number of organisms showed that of the compounds as nitrogen sources, 
that nucleic acid and uracil were not affected appreciably, but that allan- 
toin, hydantoin, and urea were apparently modified by the heat treatment. 

Investigations were carried out to test the possibilities of pyruvic 
acid fixation in a glycerol-peptone-bisulphite medium as a means of dif- 
ferentiating the “intermediate” strains from those belonging to the genera 
Escherichia and Aerobacter. Reynold's medium (1935) and the nitro- 
prusside test for pyruvic acid (Simon and Piaux) were employed. It was 
found that both time and temperature had a decided effect on this test, 
and that due to the variability of results for the same organisms from day 
to day the establishment of standard conditions for a routine test would 
be difficult to attain. 

A study of the individual reactions of the “mtermediate” strains 
showed that: 83 per cent produced hydrogen sulphide (Vaughn and 
Levine medium) ; 94 per cent failed to produce indol from tryptophane; and 
that 95 per cent attacked cellobiose with production of either acid or acid 
and gas. A transfer of the original type species, Citrohacter Freundii, gave 
reactions typical of those given by a large proportion of the “intermediate” 
strains. 

The VP questionable strams were allocated to the genus Aerobacter. 
The genus Citrohacter was accorded generic ranking with the genera 
Escherichia and Aerobacter. 
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The specificity of bacteriophages for inducing lysis of different bac- 
teria has not been extensively studied. It is generally recognized, how- 
ever, that a certain degree of specificity does exist. d’Herelle (1) believes 
that some phages, when tested against members of the colon-typhoid 
group of bacteria, may attack only certain closely-related strains, but that 
other phages may attack bacteria in several different genera. Beard (2) , 
using various methods, was unable to produce any adaptation of bacterio- 
phages. Burnet and McKie (3) made extensive studies on the classifi- 
cation of phages, but have done only a limited amount of work on 
specificity. Evans (4) has employed bacteriophage to differentiate Strep- 
tococci. Krueger (5) reviewed some of the important contributions re- 
garding bacteriophage. 

The bacterial cultures against which bacteriophages were isolated 
and purified in this study include strains of Escherichia, ‘‘Intermediates,’’ 
Aerobacter, Proteus, Salmonella, Eberthella, Shigella. Alkaligenes, Kleb- 
siella, Pseudomonas, Flavobacterium, Serratia, and Achromobacter. In 
addition to the different strains for which phages against the foregoing 
bacteria were isolated, a large number of additional strains from the 
genera listed, particularly the coli-aerogenes group, were employed for 
studying the specificity of the bacteriophages. 

The raw material for the isolation of the bacteriophages was sewage 
from the effluent of the Imhoff tank of the Ames sewage disposal plant and 
the effluent from the trickling filters of a packing house at Mason City, 
Iowa. For each bacteriophage isolated a preliminary enrichment tube was 
first prepared consisting of 10.0 cc. of broth, 1.0 cc. of the sewage and a 
light inoculum of the bacterial culture against which an homologous phage 
was desired. The enrichment tubes were incubated for 24 hours at 30° C. 
after filtration through sterile Chamberland-Pasteur L3 filter candles and 
were then ready for testing and purification by plating procedures. 

Petri dishes were prepared containing 15.0 to 20.0 cc. of nutrient 
agar of the following composition: 1.5 per cent Bacto peptone, 0.3 per cent 
beef extract, and 0.1 per cent agar. The plates were inoculated at the 
center with some bacteria from agar slants incubated 18 hours. The inocu- 
lum was smeared over the surface of the agar with a sterile, bent, glass 
smearing rod. 

For inoculating the bacteriophages a 3.0 mm. platinum loop bent at 
an angle of 120° was used. One loopful of a phage filtrate was streaked 
successively across each petri dish prepared as described above. After 
incubation for 18 hours at 30° C. isolated phage plaques, usually of dif- 
ferent size, appearfuice, and intensity, could be observed on the plates. 

' Original thesis submitted March, 1938. Doctoral thesis number 457. 
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Suitable, isolated plaques, together with some bacterial culture, were 
picked from each plate, emulsified in 10 cc. of broth, incubated, filtered, 
and replated, as just described. This procedure was repeated at least six 
times. Forty-three “pure” races of phage were obtained by this means. 
Twenty-eight of the 43 phages isolated were against coli-aerogenes strains. 

In making specificity tests agar plates were prepared, inoculated, and 
smeared as before. Two phages were streaked on each plate. Each “pure” 
race of a phage employed for tests was inoculated oi;to a plate smeared 
with the culture to be tested for lysis. The phage was inoculated by mak- 
ing one streak about 2 inches long with Ihe platinum loop. The plates 
were incubated for 18 hours and the results recorded. The test was con- 
sidered to indicate positive lysis if no bacterial growth, or occasionally 
only partial bacterial growth, occurred in the area of the phage inoculum. 

Two main series of specificity experiments were performed. In the 
first series 43 phages were tested against 94 coliform and related bacteria. 
In the second experiment 14 phages isolated against coliform bacteria 
were tested against 144 coliform organisms. The results indicate that: 

There was a marked tendency to specificity of phages for the two 
main divisions of the coli-aerogenes group, as the following tabulation 
shows: 


Cultures 

Tested 

Phages 

Employed 

Total No 
of Tests 

No of 
Positive 
Test*: 

Percentage 

Lysed 

20 Escherichia 

10 “Escherichia 

200 

47 

23.5 

20 Aerobacter 

8 “Aerobactcx * 

160 

47 

29.4 

20 Escherichia 

8 “Aerobacter” 

160 

0 

0.0 

20 Aerobacter 

10 “Escherichia 

200 

1 

0.5 


The “Intermediates” show a moderate tendency to specificity of 
phages in the coli-aerogenes group, as the following indicates: 


Cultures 

Tested 

Phages 

Employed 

Total No. 
of Tests 

No. of 
Positive 
Tests 

Percentage 

Lysed 

20 “Intermediate” 

8 “Intermediate” 

160 

46 

28.7 

20 Escherichia 

8 “Intermediate” 

160 

13 

8.1 

20 “Intermediate” 

10 “Escherichia” 

200 

11 

5.5 

20 Aerobacter 

8 “Intermediate” 

160 

2 

1.2 

20 “Interme^ate” 

10 “Aerobacter” 

200 

2 

1.0 


The above figures also indicate, that on the basis of these bacterio- 
phage tests, the “Intermediates” are more closely related to the genus 
Escherichia than to the genus Aerobacter. 

No evidence of bacteriophage specificity was observed within the 
major sub-groups of the coli-aerogenes group of bacteria. There was no 
correlation between sucrose fermentation and susceptibility to lysis by 
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phage among the strains of the genus Escherichia or the '^Intermediates,” 
and no correlation between ability to ferment starch or to form indol from 
tryptophane and susceptibility to lysis by phage among the strains of the 
genus Aerobacter. 

Genera for which phages appear to be specific include Proteus, Flavo- 
bacterium, Serratia, and Klebsiella. The remaining phages in this study 
(active against bacteria in such genera as Escherichia, Aerobacter, “Inter- 
mediates,” Salmonella, Eberthella, Shigella, Alkaligenes, Pseudomonas, 
and Achromobacter) did not lyse members of the first four genera men- 
tioned, except that a phage active against Achromobacter lipolyticus also 
lysed a strain of Serratia indica. 

A reddish-orange, lactose-fermenting organism studied was more 
closely related to the coli-aerogenes bacteria than to the genus Serratia 
on the basis of phage tests. Ihe organism was lysed by 2 Escherichia 
phages and 1 “Intermediate” phage, but no other phages, including 2 
phages active against strains in the genus Serratia. 

Some phages are limited in activity, attacking only coli-aerogenes 
strains, while others are active against a wider range of organisms (poly- 
valent phages) , causing lysis of coli-aerogenes strains and also organisms 
associated with intestinal infections. 

Many different races of phage appear to exist, as most of the 43 
phages studied show different l 5 rtic specificities. 
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THE PRINCIPLE OF THE ARCHIMEDEAN SCREW IN CHEMICAL 

ENGINEERING! 
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The theory of the Archimedean screw is developed, and the possi- 
bility of its application as a pump in chemical engineering, and the appli- 
cation of the principle by which it elevates liquids, to various chemical 
engineering operations, are investigated. 

From the point of view of the chemical engineer the Archimedean 
screw has a number of characteristics in its favor. It is completely valve- 
less, essentially simple, and may be constructed of corrosion resisting 
materials. Although there are several modifications of the screw, the 
form which is considered in the investigation consists of a- central cylin- 
drical core on which are wound one or more vertical spiral flights, and an 
external cylindrical casing attached to the flights. The device is mounted 
at an angle with the horizontal so that the lower end dips into the liquid 
to be elevated, and is rotated about its axis. 

The simple Archimedean screw is open to the objections that it is 
extremely sensitive to the external liquid level, and unless conditions are 
very carefully controlled, performance is apt to be erratic and the effi- 
ciency low. It is shown, however, by an examination of the theory of the 
Archimedean screw, that the low volumetric efficiency of the simple screw 
is due to the fact that as the screw rotates and successive slugs of liquid 
are picked up a partial vacuum is created in the air space between suc- 
cessive slugs. This action is cumulative, and eventually is sufficient to 
draw some or all of the liquid that has been carried part way up the screw 
back down the tube. This condition may readily be corrected, and high 
volumetric efficiency be obtained, by venting the air spaces between the 
liquid slugs to the atmosphere and thus equalizing the pressure through- 
out the screw. 

The desired venting of the screw may be accomplished by any of sev- 
eral methods. Prior to this investigation, it was known that if the screw 
were operated in such a manner that the cross section of the spiral tubes 
was at no point completely filled with liquid, thus insuring a continuous 
air passageway through the screw, or if slots were cut in the core of the 
screw just below and following the lower surfaces of the several spiral 
flights, thus making it possible for air to flow in through the hollow core 
and balance the pressure, high volumetric efficiency was obtained. In 
either case, however, the quantity of liquid handled by a given screw w^ 
small. It is shown that much more liquid may be lifted if the screw is 
vented by a series of venting tubes in the first few turns of each of ihe 
spiral tubes, the venting tubes being inserted in holes in the casing and 
extending far enough up the casing parallel to the axis of the screw ro 
that liquid will not flow out the open upper end. Or a slot may be cut in 
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the casing and the screw protected from loss of liquid through the slot by 
an external spiral sheet wrapped around and close to the casing, the 
lower edge of the sheet being attached to the lower edge of the slot. The 
quantity of liquid handled by a vented Archimedean screw is almost 
exactly the theoretical. 

The capacity of the Archimedean screw as a pump is a function of the 
several variables in its design and the relationships of theoretical capacity 
to Ihese variables are developed. The quantity of liquid handled by a 
vented screw, even when the lower end is completely immersed, varies 
directly as the speed of rotation. The capacity decreases with increasing 
angle of inclination, and is a fxmction of tiie pitch of the flights. For each 
angle of inclination there is a specific pitch for maximum capacity, the 
optimum pitch decreasing with increasing inclination of the screw. The 
capacity is also a function of the ratio of core diameter to casing diameter, 
but the optimum ratio seems to be constant at one-half. The capacity of 
the screw is increased by the introduction of additional flights, but beyond 
four or five the slight gain in capacity does not warrant further addition. 

The mathematical expression for the exact theoretical capacity of the 
Arichamedean screw as a pump in terms of its design is quite involved. A 
graphical method by which the theoretical capacity may be closely ap- 
proximated is developed. The graphical method is rather laborious, and a 
quicker, though under certain conditions somewhat less exact method, is 
developed on the assumption that the length of the wetted center line of 
the spiral tubes of the Archimedean screw is proportional to the volume 
of liquid in the tubes. By the use of the latter method the theoretical 
capacities of a number of screws were calculated and the above-mentioned 
relationships were developed. 

Several small Archimedean screws were set up and tested, and the 
theories developed were confirmed. 

If the height of the external spiral sheet, or ‘^sidewall,** above the 
flight of the vented screw mentioned above, be reduced as the external 
sidewall winds suround the screw, liquid from within the screw will spill 
over the upper edge of the sidewall. If the reduction in height of the side- 
wall is gradual, the liquid will spill over its upper edge continuously as 
the screw rotates. It is shown that by attaching a continuous sheet fin 
to the upper edge of the sidewall the falling liquid may be distributed over 
a considerable area. The contour of the sidewall may be easily designed 
for any manner or rate of distribution of liquid over the fin. 

A device such as outlined above would have the effect of lifting liquid 
through a small distance and at the same time distributing it over a large 
area, thus facilitating heat or gas transfer through the gas-liquid interface. 
A number of chemical engineering operations, notably aeration, gas scrub- 
bing or absorption, stripping, heat transfer from gas to liquid or liquid to 
gas, and the like, are dependent upon obtaining as large an area as pos- 
sible per umt volume of liquid, and a device of the type described should 
be applicable. Two such experimental “aerators” were set up and tested 
for rate of gas absorption and heat transfer, and the results, although in- 
conclusive as yet, are sufficiently encouraging to warrant an extended 
investigation of t];ie possibilities of the device. 



PASSAGE-TIME OF VARIOUS TYPES OF NORMAL AND POISONED 
FOODS THROUGH THE ALIMENTARY TRACT OF THE COCK- 
ROACH PERIPLANETA AMERICANA LINN^ 

Benjamin Thomas Snipes 

From the Department of Zoology and Entomology, Iowu> State College 
Received June 25, 1938 

Investigations were conducted to determine rates of passage of some 
normal and poisoned foods through the alimentary tract of the cockroach, 
Periplaneta americana Linn. Approximately 700 adults and last instar 
nymphs were dissected to determine progress of dyed material along the 
digestive canal at various intervals after ingestion; about 900 were tested 
for total passage-time (designated as egestion time) by means of me- 
chanical excrementometers devised for this purpose. These mechanisms 
are figured and described in detail. All insects were starved for 48 hours 
before beginning tests. Only normal active specimens were used. Ex- 
perimental animals were permitted access to water throughout the trials. 

Banana paste or commercial Purina chow formed the base of all test 
meals used. Five per cent powdered carmine dye was added to each 
preparation to render test material identifiable in the digestive tract and 
in the fecal pellets. All test meals were slightly sweetened by addition of 
1 per cent finely pulverized cane sugar. Passage-times of the 13 following 
test meals were determined: banana paste, desiccated banana, banana- 
barium sulphate, banana-sodium fluoride, banana-phenothizine, banana- 
arsenate of lead, banana-astringent arsenate of lead, banana-arsenic tri- 
oxide, banana-rotenone, Purina powder, Purina-barium sulphate, Purina- 
sodium fluoride, and Purina-phenothiazine. 

Figures are included to illustrate average rates of progress of these 
test meals and tables list egestion time records of all populations used. 

First ingested portions of banana paste pass through the stomodaexim 
in less than one-half hour, complete passage along the mesenteron and 
enter the pylorus in 2.5 to 3 hours, requirefjrom 5 to 6 hours in the an- 
terior intestine, and remain 10 to 12 hours in the rectum. It seems quite 
evident that portions of llie anterior intestine and rectal epithelium fimc- 
tion in absorbing considerable liquid from semi-fluid material present in 
the lumen of the proctodaeum. Total passage-times for banana paste 
residues averaged 20.22 dz 6.9 hours. Repeated trials with the same test 
insect demonstrated considerable inconsistency in individual egestion 
times. 

Rate of progress of Purina powder is quite similar to movement of 
banana paste along the stomodaeum and mesenteron. From 3.5 to 4 hours 
are required for passage of the Purina residue through* the anterior intes- 
tine; rectal retention time is normally about 14 hours. Mean egestion 
time for indigestible residue of this material was 21.45 ±: 6.93 hours. 

Mean egestion time of desiccated banana was 13.48 ±: 3.79 hours. 
Average elimination period of banana-barium sulphate residua was 
15.58 zb 6.47 hours. Velocity of passage along the anterior intestine was 

* Original thesis submitted July, 1937. Doctoral thesis number 443. 
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considerably increased. Mean egestion time for Piirina-bariiim sulphate 
waste was 20.03 ±: 7.83 hours. Sodium fluoride caused great decreases in 
rate of movement through the anterior intestine. Mean egestion times for 
banana*-sodium fluoride and Purina-sodium fluoride were 30.99 ±. 11.75 
hoiurs and 28.67 + 9.21 hours, respectively. Phenothiazine with banana 
paste produced a decrease of about 2 hours in the period required in the 
anterior intestine. Egestion times for residua of Ihis material averaged 
18.05 ±: 7.78 hours. Mean total passage-time for Purina-phenothiazine 
waste was 21.42 + 7.48 hours. 

Banana-€ursenate of lead preparations (with or without astringent) 
showed somewhat greater velocity of movement through the anterior in- 
testine. Mean egestion records for lead arsenate and astringent lead arse- 
naet with banana paste were 18.08 d: 8.66 hours and 17.57 d: 7.09 hours, 
respectively. Arsenic trioxide with banana paste caused noticeable de- 
struction of ventricular tissue and greatly decreased rate of progress 
through the anterior portion of the proctodaeum. Distribution of this ma- 
terial in the mesenteron was irregular as greater concentrations usually 
occurred at the cardiac and pyloric ends. Mean time of evacuation of first 
portions of this food-poison residuum was 28.91 d: 5.81 hours. Rotenone 
with banana caused a decrease of 2.5 hours in time necessary in the an- 
terior intestine. Mean egestion time for indigestible residue of this mate- 
rial was 18.24 ib 5.97 hours. 

Records of mortality produced by food-poison mixtures during a 50 
hour observation period are listed. Highest kill (53 per cent) was re- 
corded with banana-arsenic trioxide. 

Normal velocities of food movement in man and this insect are 
physiologically comparable. In man food material begins to leave the 
stomach immediately after ingestion, passes rapidly through duodenum 
and jejunum, moves progressively slower in the ileum as the ileocaecal 
valve is approached, is retained in the colon from 12 to 14 hours, and is 
normally evacuated from 16 to 24 hours after entering the stomach. A 
decrease in velocity of food movement along the alimentary tract of the 
roach is evident in the vicinities of the mesentero-proctodael junction and 
the intestino-rectal constriction. Comparison of &ese relationships does 
not infer morphological similarity. 

In addition to changes in rate of progress produced by variations in 
chemical and physical characters of the food, idle following factors were 
investigated to determine their effects on velocity of food movement: sex, 
stage of development, amount of material ingested, length of starvation 
period before feeding, size of previous meal, excitement or imdue disturb- 
ance, and amount of general muscular activity. 

Sex and stage of development (limited to adults and nymphs in last 
instar) were not found to influence velocity of food movement. The fol- 
lowing factors were found to increase rate of food progress: ingestion of 
larger amounts of unpoisoned preparation (measured by degree of crop 
distention) , undue excitement or fright, longer periods without food be- 
fore testing, and general increase in muscular activity. Decreases in 
velocity of movement of sodium fluoride and arsenic trioxide mixtures 
were correlated with the amount of food-poison ingested. Velocity of 
progress was deirreased by the presence of large amounts of a previous 
meal in the stomodaeum. 



STUPIES ON LACTOBACILLUS CULTURES THAT ACTIVELY 

COAGULATE MILK^ 

Harry Howard Weiser 
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The primary object of the work herein reported was to determine the 
general relationships of cultures of Lactobacilli that actively coagulate 
litmus milk with reduction of the litmus and the formation of a smooth 
curd. Most of the cultures were isolated from dairy products and mate- 
rials such as ensilage, com stover and feces from calves, dogs, rats and 
infants. Cultures of L. acidophilus and L. bulgaricus were obtained from 
various laboratories for comparative purposes. A total of 36 cultures was 
studied, particularly from the standpoint of their action m milk because 
of the importance of the organisms in dairy products. 

In a comparison of the value of various solid media for isolating 
Lactobacilli, it was found that tomato juice agar gave higher and more 
uniform counts than beef infusion agar plus 1 per cent lactose, cabbage 
agar, casein digest agar or whey agar; the results obtained with beef in- 
fusion agar plus lactose were strikingly lower than the counts obtained 
with the other media. The isolation of Lactobacilli from dairy products 
was facilitated by incubating the material being examined in milk until 
the microflora showed a predominmce of characteristic rod forms, and 
then plating on tomato juice agar. Nutrient broth containing 2.0 per cent 
dextrose and 5.0 per cent N/10 acetic acid was useful as an enrichment 
medium in isolating Lactobacilli from fecal material. 

Appreciable quantities of total acid, volatile acid and acetylmethyl- 
carbinol plus diacetyl were produced in milk by most of the 36 cultures 
of Lactobacilli studied but the amoimts of these materials produced by the 
different cultures varied greatly and there was no close correlation be- 
tween the amounts of total acid and Ihe amounts of volatile acid or acetyl- 
methylcarbinol plus diacetyl produced by a culture. The addition of citric 
acid or acetaldehyde to milk cultures did not significantly influence the 
production of volatile acid or of acetylmethylcarbinol plus diacetyl by the 
organisms. Low concentrations of the acetaldehyde resulted in slight in- 
creases in the amounts of acetylmethylcarbinol plus diacetyl produced 
while higher concentrations appeared to be toxic to the organisms. 

Most of the cultures studied produced appreciable quantities of car- 
bon dioxide in skim milk; the values were generally lower when peptone 
was added to the milk. More carbon dioxide was produced at 37° C. than 
at 21° C. during incubation for 15 days. 

The fermentation reactions obtained with the Lactobacilli studied 
were too variable to be used as criteria for the separation of the cultuxes 
into species. Dextrin, dextrose and lactose were the carbohydrates most 
commonly attacked. None of the organisms that grew on nile-blue sulfate 
agar hydrolyzed butter fat. 

^ Original thesis submitted June, 1936. Doctoral thesis number 386. 
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The isomeric form of lactic acid produced was determined with 30 
of the cultures. The form of acid varied from pure active to nearly pure 
inactive and was usually dextro-rotatory. There was apparently no 
relation between the types of lactic acid produced and the sources of the 
organisms. Most of the cultures of Lactobacilli were able to break down 
the proteins in milk as indicated by increases in amino nitrogen content 
during incubation at 37^ C. for 8 weeks. Larger amounts of amino nitro- 
gen were produced when the acid developed was partially neutralized 
with calcium carbonate. 

The addition of 0.13, 0.7 or 5.0 per cent of deuterium oxide to whey 
broth cultures of Lactobacilli had no influence on the morphology or rate 
of multiplication of the organisms. 

Evidence was obtained which indicated that the growth temperatures 
may be useful in classifying the Lactobacilli. All the organisms grew 
well and coagulated milk at 37° C. but the results obtained at the other 
temperatures were variable. The L. acidophilus and L. hulgaricus cul- 
tures obtained from various research laboratories and the cultures isolated 
from fecal material grew well at 37° and 45° C. but not at 10° or 21° C. 
In general, the Lactobacilli from raw milk, Swiss cheese, Cheddar cheese 
and feed grew at 21° C. but not at 45° C.; a few of these organisms also 
grew at 10° C. 

None of the Lactobacilli produced pronoimced flavors in milk other 
than acid, which varied from mild and desirable to sharp, high acid and 
undesirable. The odor produced in milk by the Lactobacilli suggested 
acid and varied from none to very strong. Cultures that produced a clean, 
mild acid flavor usually gave a clean, desirable acid odor, while the cul- 
tures that produced an unclean, flat acid flavor gave an unclean odor. 
There appeared to be no relation between the sources of the organisms 
and the flavors and odors produced in milk. 

In isolating the Lactobacilli, organisms were encountered which re- 
sembled Lactobacilli very closely but which did not coagulate milk rap- 
idly. This suggests that not all Lactobacilli coagulate milk rapidly or that 
there is a group of closely related organisms which do not grow well in 
milk. 



THE RING STRUCTURE IN SOME DERIVATIVES OF SORBOSE^ 

Roy Lester Whistler 

From the Department of Chemistry, Iowa State College 
Received Jwne 25, 1938 

The assignment of ring configuration is of first importance in develop- 
ing the chemistry of sugar derivatives. With the exceptions of diacetone 
sorbose (1) and the open chain pentacetate (2, 3) the ring structures for 
I-sorbose and its derivatives have, up to this time, remained undeter- 
mined. 

Since a-methyU-sorboside was one of the earliest known derivatives 
of sorbose, and since the glycosides are important central compounds in 
the sugar series, the determination of ring configuration for a-methyl-I- 
sorboside was undertaken. a-Methyl-I-sorboside was methylated to a 
pentamethyl derivative, which was hydrolyzed to a tetramethyl-l-sorbose 
(4). Nitric acid oxidation of this latter compound resulted in the pro- 
duction of dextro dimethoxysuccinic acid in good yield. The presence of 
this acid was established through the preparaton of its amide and methyl- 
amide. These are well-defined crystalline derivatives prepared by 
Haworth (5) as reference compounds in the sugar series. The isolation of 
dextro dimethoxysuccinic acid asserted the methylation of carbon atoms 
four and five in the tetramethyl-I-sorbose, since no other adjacent carbon 
atoms could give rise to an acid of this configuration. Hence, the lactol 
ring must have engaged either carbon atom three or carbon atom six in 
the tetramethyl sorbose. As ethylene oxide rings are not known to form 
under the conditions employed for glycoside foi*mation, the possible exist- 
ence of such a ring was not considered. This left only a six membered, or 
normal pyranoid ring structure, to be assumed for the tetramethyl-Lsor- 
bose and, hence, also for a-methyl-I-sorboside and its derivatives. 

When 1-sorbose was treated with dry ethanol containing one per cent 
hydrogen chloride, a-ethyl-l-sorboside was produced. This compound 
crystallized as fine colorless needles having a melting point of 116° and 
a specific optical rotation in water of — 73.9°. Acetylation of this 

substance produced a-ethyl-l-sorboside tetraacetate having a melting 
point of 75° and a specific optical rotation in chloroform of [a]D^® — 54.6°. 
This a-ethyl-I-sorbosidc tetraacetate was identical with that obtained 
through the ethylation of sorbose tetraacetate. Thus, the ring structure 
of a-ethyl-l-sorboside must be the same as that in sorbose tetraacetate. 
The structure of sorbose tetraacetate as 1,3,4,5-tetraacetyl sorbose can be 
established through the fact that acetylation of a-methyl-l-sorbopyrano- 
side, whose configuration was proven as indicated above, yields an a- 
methyl-l-sorboside tetraacetate identical with the compound obtained 
through the methylation of sorbose tetraacetate. This series of reactions 
indicated a normal pyranoid ring structure for a-ethyl-l-sorboside and its 
tetraacetate. 


* Original thesis submitted June, 1938. Doctoral thesis number 464. 
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In comparing the rates of formation of a-methyl-l-sorbopyranoside 
and a-ethyl-l-sorbopyranoside it was found that the reactions were essra- 
tially complete in foiu: hours, when the I-sorbose was dissolved in either 
methanol or ethanol containing one per cent hydrogen chloride and the 
mixture allowed to stand at room temperature. 

The rates of hydrolysis for a-methyl-l-sorbopyranoside and a-ethyl-I- 
sorbopyranoside were also found to be almost identical. Dissolved in 
0.015 normal hydrochloric acid both glycosides were hydrolyzed in about 
thirty days when kept at a temperature of 30°. It was interesting to note 
in this connection that these rates of hydrolysis did not differ widely from 
the rate foimd for methyl-d-fructofuranoside (6) . 

Calcium chloride was known to foirm cryst^ine addition compounds 
with several sugars. The preparation of a calcium chloride compoimd 
of I-sorbose was undertaken in the hope of obtaining a compound of 
sorbose in either of its alpha or beta stereoisomeric forms. When l-sorbose 
and calciiim chloride in equal molar proportions were dissolved in water 
and the solution allowed to evaporate slowly, fine crystals of a calcium 
chloride addition compound of a-I-sorbose were obtained. After purifica- 
tion the crystals showed a melting point of 159° (Corr.) and a specific 
optical rotation in water of [oJd** — 24.2°. This compound exhibited a 
rapid but small upward rotation. In fifteen minutes the value became 
constant at [ajc** — 23.9°. The compound gave the following formula 
on analysis: CeHioOe . CaClj . 2 H 2 O. On acetylating the addition com- 
poimd by the general procedure for acetylation there was produced in 
good yield keto sorbose pentaacetate. Hence, the property of l-sorbose 
to form preferentially an open-chain pentaacetate is also exhibited by the 
calcium chloride addition compound. Acetylation, using the special 
method designed to give sorbose tetraacetate, produced this tetraacetate 
in good yield. These facts indicate that calcium chloride does not stabilize 
sorbose in a new form. 

By means of hydrogenation and acetylation followed by the subse- 
quent isolation of the hexaacetate of d-sorbitol and I-iditol, Cramer and 
Pacsu (3) have proven that the common pentaacetate of l-sorbose is a 
derivative of the open-chain sugar. This conclusion might have further 
been substantiated if it could have been shown that sorbose pentaacetate 
were capable of mercaptalization to yield l-sorbose ethyl thioacetal penta- 
acetate. Following the method advanced by Wolfrom (7) for the mer- 
captalization of fructose, the mercaptalization of keto sorbose penta- 
acetate was carried out. The product obtained was a colorless sirup which 
could not be crystallized. The sirup showed no reducing properties when 
tested wtih Fehling’s solution. The sirup had a refractive index of 
Nd'‘ 1.5030 and specific optical rotation in chloroform of — 12.2°. 

The substance distilled in a high vacuum and at a bath temperature of 
200° to produce a sirup having a refractive index of 1.5050 and a 
specific optical rotation in chloroform of [a]n®® — 13.1°. The distillate 
was li^t brown in color showing that a sli^t decomposition had oc- 
curred during the distillation. Neither the original sirup nor the liquid 
distillate showed any evidence of mutarotation. 
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DeBoer and Kniphorst (1932) found that a heather honey exhibited 
the gel/sol transformation brought about by stirring which has been 
termed thixotropy by Freimdlich (1928). Scott Blair (1935) observed 
the phenomenon in another heather honey, as did Pryce-Jones (1936a) . 
Honeys from sources other than heather were found to be non-thixotropic. 
Convincing evidence has been advanced by Pryce-Jones to show that col- 
loidal materials in heather honey are responsible for its unique behavior. 

Paine, Gertler and Lothrop (1934) have investigated a second prop- 
erty of honey, closely related to thixotropy, that of anomalous viscosity. 
The apparent viscosity of buckwheat honey was found to vary with the 
shearing force involved in the measurements. The anomalous behavior 
disappeared when the colloidal material was removed by ultrafiltration. 

The accurate measurement of thixotropy is difficult; the only means 
available, in many cases, of following the gel/sol transformation is to 
make observations of the apparent viscosity ^fore and after stirring. 
Pryce-Jones (1936b) , however, has claimed that all viscometric methods 
so far proposed are subject to error. There are two obstacles inherent. 
First, a certain amount of stirring is involved in the measurement of the 
viscosity. This tends to lower the apparent viscosity and the lowering will 
be different for various observations. Second, viscosity determinations on 
the sol and gel forms, which may differ widely in apparent viscosity, are 
not readily made at the same shearing force. Since the apparent vis- 
cosity of each form is a function of the bearing force, comparisons of the 
apparent viscosities have little meaning imless this variable is held con- 
stant. 

The falling sphere viscometer was chosen for this research since it 
has found wide use in such studies and because it seemed to offer certain 
advantages over other instruments. The stirring actions of the smallest 
.spheres is practically negligible and by proceeding from small to large 
spheres in the measurements it is possible to obtain the curve, apparent 
viscosity against shearing force, for the undisturbed gel. The same curve 
is readily obtained for the sol form, on which stirring has no effect, and 
comparison at the same shearing force can be made from the two curves. 
A standard shearing force of zero was selected at which comparisons 
were made. Apparent viscosities n, were calculated from the velocity 
of the sphere by the following equation. 


2(d3— di)gr»fw 
9V 


( 1 ) 


’ Original thesis submitted December, 1937. Doctoral thesis number 451. 
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This is the Stokes’ law equation multiplied by /w, the wall correcilon 
factor of Faxen (1922) . Apparent viscosities were plotted against sphere 
radius and an extrapolation made to zero sphere size, that is, to zero shear- 
ing force. The number of observations made in fixing the curve for the 
gel form was limited as much as possible to avoid stirring. The honey was 
then stirred with a rotary stirrer and a second series of observations was 
made. The numerical value of the thixotropy was tak^?“» as the change in 
apparent viscosity in poises, at zero shearing force, which occurred on 
stirring. Since thixotropy changes with time and since the rate of change 
depends on the size of flie containing vessel, it was necessary to fix arbi- 
trary conditions imder which the thixotropy of the honey was measured. 
The honey was heated for one hour at 60®, poured into a fall cylinder of 
2.2 centimeters radius and allowed to cool to room temperature. The 
cylinder was then placed in the thermostat and the honey was maintained 
at 25® for 48 hours, at which time the measurements were made. The 
thixotropy of a number of Iowa honeys was measured and found to vary 
from 3 to 15 poises. 

In order to rate the anomalous viscosity it was necessary to find the 
shearing force involved in each measurement. The equation of Lamb 
(1906) has heretofore been used by viscometrists to calculate the shear- 
ing force in the falling sphere viscometer. This equation is 


F 


3t]V 

2r 


( 2 ) 


where )) is the apparent viscosity, V the velocity of the sphere and r its 
radius Preliminary work with honey, however, indicated equation (2) 
to be incorrect. An equation for the same purpose has recently been ad- 
vanced by Pasynskii and Rabinovich (1934) . This is 


F 


nv 

R~r 


(3) 


where R is the radius of the fall cylinder and the other symbols have their 
previous meanings. Equation (3) gave indications of being valid. Honey, 
however, is a liquid definitely imsuited to use as a test liquid to decide 
between the two equations. For this purpose data are required which 
have been obtained with a variety of fall cylinders and spheres; thixo- 
tropic setting is most pronoimced in a smsdl vessel and a honey after 
standing in several fall cylinders would not be in a comparable state in 
each. The data available in the literature were considered and those of 
Sheppard (1917) on a nitrocellulose solution were chosen. The equation 
of Pasynskii and Rabinovich was found to give an excellent representa- 
tion of the data, while that of Lamb did not. It is felt that the equation of 
Pasynskii and Rabinovich, apparently not available outside of a Russian 
publication imtil recently, is an important contribution to the theory of 
the falling sphere viscometer; it places this viscometer on an equal foot- 
ing with capillary and rotating cylinder instruments for the study of 
anomalous systems. A further advantage of equation (3) is that data 
from the falling sphere viscometer and the capillary tube instruments on 
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plottng fall on a common apparent viscosity-shear force curve. This was 
not necessarily to be expected. 

In sever^ honeys the apparent fluidity, was found to increase 
with the shearing force, F, according to the Bingham-Williamson equation, 

<^=:a~bF (4) 

wheer a and b are constants. This equation is discussed in detail by 
Bin^am (1928). In one honey, however, there was found a superim- 
posed tendency to behave in an opposite manner, that is, the fluidity 
decreased with increasing shear force. This seemed to be the elastic recoil 
observed by Pryce- Jones (1936a), as far as such a property could be 
identified in a dissimilar instrument. The possibility of flie presence of 
elastic recoil makes the rating of the anomalous viscosity uncertain. It was 
therefore decided not to attempt a numerical rating of this property. It is 
of interest, however, that each of the honeys observed showed an apparent 
viscosity which varied with the shearing force. 

The honeys were analyzed for the water content by the refracto- 
metric method of Fulmer, Bosch, Park and Buchanan (1934) and the 
nitrogen content was determined. The pectin content was estimated by a 
modification of the method of Carre and Haynes (1922) . A preliminary 
acidification with acetic acid, boiling and filtering was introduced to 
prevent the precipitation and weighing of protein as pectin. The volume 
of protein precipitated from 5 grams of diluted honey by phosphotungstic 
acid was determined. While Phyce-Jones found thixotropy only in honeys 
giving 30 cc. of precipitate, each of the honeys observed was definitely 
thixotropic and the volume of precipitate was never more than 0.3 cc. 
The lack of agreement is probably only apparent, since the heather honeys 
investigated by Pryce-Jones have anywhere from 200 to 2,000 times as 
much thixotropy as the honeys dealt with here. 

Other investigators have foimd a general correlation between thix- 
otropy and the colloidal content of the honey. The heather honey, for 
which thixotropy had been reported, contained up to 6 per cent of such 
materials. The colloidal content of the honeys studied in this thesis was 
less than 1 per cent and the observed thixotropy was much lower than 
that observed in heather honey. It is not surprising, therefore, that no 
definite relationship was found between the colloidal content and thix- 
otropy. However, an invert sugar solution did not show thixotropy. It 
may be inferred, therefore, that the low thixotropy of the honey is asso- 
ciated with the colloidal material present. 
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Since the recognition of the existence of a microbiological population 
in the soil and the demonstration that the activities of the microorganisms 
concerned have a great influence on soil fertility, constant attempts have 
been made to construct some picture of the distribution of the soil popu- 
lation and to understand the relationships between the various groups of 
organisms composing it. Attempts to obtain an index of the microbiologi- 
cal condition of the soil by the determination of those biochemical changes 
that the population could bring about have in most cases been recognized 
as being artificial. The well-known plate and dilution methods have given 
interesting and valuable data on the types of organisms present and their 
individual potentialities but have added little to the study of the popula- 
tion as a whole. However, increasing success is following the more 
straightforward approach of direct examination, now that some of the 
many serious technical difficulties have been overcome. 

This investigation was an attempt to follow by direct examination, 
supplemented by field microscopic observations, the characteristic feat- 
ures of the microbiology of two typical Iowa soils. 

Both soils used in this study, a Tama silt loam and a Webster silt loam, 
are widely distributed upland types in their respective areas. The Tama 
silt loam, foimd in the Mississippi loess area, has a pH value of about 5.6 
and the Webster silt loam, which is typical of the Wisconsin drift area, 
has a pH of about 6.6. 

Since it is known that the addition of available organic matter to soils 
greatly influences microbial activity it was believed any fundamental 
microorganic differences between the two soils under investigation might 
be brought out or einphasized in their behavior on addition of green ma- 
nure. In addition to the examination of the soils themselves, observations 
were therefore made oh samples into which soybeans and alfalfa had been 
incorporated as green manure. Such work calls for methods which do not 
destroy the natural soiB structure. Only two of the direct methods consid- 
ered fulfill this requirement. One is the method of Kubiena and the other 
the Rossi-Cholodny butted slide technique. A third method, the so-called 
“bodenstaub” teclmiqua proposed by Cholodny, and a modification of it, 
although involving destituction of the initial soil structure, was also used. 

It was learned that during wet periods anaerobic decomposition of 
plant remains took place in the depressed areas of the Webster silt loam 
whereas in better drained areas the decomposition was aerobic. This was 
evidenced by the soggy condition of the cornstalks taken from below the 
soil surface in the former areas and the lower moisture content of those 


* Original thesis submitted December, 1937. Doctoral thesis number 450. 
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from the latter areas. Numerous mites and protozoa were seen in the 
pithy region of the soggy stalks. 

Laboratory observations of the Kubiena cultures revealed that well 
decomposed farmyard manure failed to cause any appreciable mycelial 
development in the Tama soil, whereas the addition of soybeans and alfalfa 
stimulated the development of an abundance of mycelium in both the 
Webster and Tama silt loams. An interesting feature of this increase was 
the succession of the fungi, which, though not identical in both soils nor in 
one soil with both additions, had distinct resemblances. Microscopic ex- 
amination of plant residues taken from the Tama soil showed an abun- 
dance of actinomycetes. These microorganisms were also numerous in the 
Kubiena cultures of this soil. 

Apart from the succession of the fungi other interesting features 
brought out by the Kubiena cultures were the differences between the 
soil forms and culture forms of Rhizopus, and the different fruiting habitats 
of Aspergillus and Rhizopus. 

A noticeable difference between the two soils was revealed in the 
Kubiena cultures which had received alfalfa and soybeans as additions. In 
each soil during the first few days there was a rapid development of fungi, 
possibly more in the Webster than in the Tama, this being followed by a 
decrease in abundance of new hyphae. The decrease was slow and ex- 
tended over a considerable period of time in the Tama soil, while in the 
Webster soil there appeared to be an almost complete cessation of fungous 
development after the seventh to the twelfth day. The explanation for this 
difference may lie in the physical characteristics of the two soils. 

The information acquired from the buried slides was practically the 
same as that from the Kubiena cultures, except that the observation of 
bacteria was possible and their distribution could therefore be followed. 
Some groups of bacteria apparently were concerned more with the break- 
down of previously elaborated fungous tissue than wth that of the plant 
additions. 

The “bodenstaub” technique, and its modifications failed to give any 
data comparable to either the Kubiena cultures or the Rossi-Cholodny 
technique. 

As far as the suitability of the various methods employed is concerned, 
that of Kubiena seems to offer the greatest possibilities, particularly with 
respect to fungi. The results given by this technique were in accord 
with those obtained from the field investigations. The Rossi-Cholodny 
procedure is in reality a field method and it does provide related informa- 
tion supplementing that obtained from the Kubiena cultures. It also gives 
a better picture of the bacteria than any of the other methods used in this 
study. The “bodenstaub” technique and its modification destroys the 
natural structure of the soil and therefore the conditions are so changed 
that the organisms developing may not truly represent the natural flora. 
The modification of using fresh soil particles containing plant residues is 
capable of giving much useful information, particularly with respect to 
the soil protozoa, the development of which is probably favored bywthe 
high moisture conditions. 
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The results of this work may be summarized as follows: 

1. The Webster and Tama silt loams are alike in that in each the 
fungous activity was increased when green manure was added to the soil. 

2. In each soil a definite succession of fungi followed the addition 
of green manure. 

3. Most of the decomposition taking place in the Webster soil is 
normally anaerobic in wet periods except at the very surface. 

4. Aspergillus and Rhizopus showed a difference in fruiting habitats. 

5. The soil form of Rhizopus differed from the culture form with re- 
spect to the number of sporangiophores. 

6. Certain groups of bacteria seemed to be almost entirely engaged 
in the decomposition of fimgous tissues in the soil. 

7. The numerous mites found in the pithy region of the cornstalks 
buried in the Webster silt loam indicated that these invertebrates may be 
important in the decomposition of plant residues. 

8. Laboratory methods, such as the Kubiena technique, which do 
not completely destroy the initial structure of the soil, more nearly simu- 
late field conditions and yield information comparable to that obtained by 
field investigations. 

9. The Rossi-Cholodny method offers a means of studying the influ- 
ence of materials, such as green manure, added to the soil and at the same 
time preserving the natural habitats of the organism acting upon such 
materials. 

10. The “bodenstaub” procedure and its modification have such 
limitations that their value as direct methods of soil investigation are ques- 
tionable, although they may be used in protozoan studies. 
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Since the relationship between the accumulation of pyruvic acid and 
the absence of vitamin Bi in animal tissues has been pointed out by 
Peters and his associates, numerous studies have been undertaken to 
further clarify the function of vitamin Bi in cellular metabolism and, as a 
result, investigation of the vitamin requirements of unicellular organisms 
has been greatly stimulated. Man^ important contributions have been 
made in papers too numerous to mention. The purpose of the present paper 
is to discuss the function of vitamin Bi and its thiazole and p 3 n:imidine 
fractions in the anaerobic pyruvate, lactate and glucose metabolism of 
the lactic and propionic acid bacteria. 

THE CATALYTIC EFFECTS OF CRYSTALLINE VITAMIN B* ON THE ANAEROBIC 
PYRUVATE METABOLISM OF LACTOBACILLUS MANNITOPOEUS 

Hills (1938) has reported a marked stimulation of the pyruvate 
metabolism of Staphylococcus aureus grown in vitamin Bi-deficient media 
by the addition of crystalline vitamin Bi to cell suspensions. The present 
authors (1938) have shown that similar results are obtained in the case 
of the propionic acid bacteria, Propionihacterium pentosaceum and P. 
peterssoniu Data now presented show that the same catalytic effects of 
vitamin Bi can be demonstrated for a member of the heterolactic bacteria, 
Lactobacillus mannitopoeus, 

L. mannitopoeus grown in a yeast extract-peptone medium was trans- 
ferred to the basal medium of Tatum, Wood and Peterson (1936) con- 
taining in addition 0.05 mg. of riboflavin and 7.5 mg. tryptophane per 100 
gm. After incubation at 30° C. for 72 hours, the cells were washed twice 
in distilled water and suspended in M/15 phosphate buffer at pH 5.6. The 
cell suspension contained 1 gm. of cell paste in 40 cc. of buffer. One cc. of 
this cell suspension was tested for activity on sodium pyruvate both in the 
presence and absence of vitamin Bt. The results obtained on the Warburg 
respirometer are shown graphically in figure 1. The cells to which vitamin 
Bi have been added show an increased rate of CO 2 evolution from pyru- 
vate equal to four times that of the control. 

L. mannitopoeus grown in the medium mentioned above containing 
in addition 10“® gm. of vitamin Bi per cc. shows no stimulation on the 
addition of crystalline vitamin to the cells. The rate of CO^ evolution from 
pyruvate under anaerobic conditions remains unchanged (table 1) . 

VITAMIN Bi CATALYSIS OF THE ANAEROBIC DISSIMILATION OF GLUCOSE 
AND SODIUM LACTATE BY P. PENTOSACEUM 

It has already been shown that vitamin Bi catalyzes the anaerobic 
dissimilation of pyruvic acid by P. pentosaceum. If pyruvic acid is an 

' Supported in part by the Industrial Science Research Fund of Iowa State College. 
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TABLE 1. Aruierohtc jyyruvate dissimilation of L. mannitopoeus grown in presence of 
10** pm. of vitamin Ba per cc. of medium 


Treatment 

Time, hours 

0.5 

1 

1.5 

2 


mm*CO» 

mm’‘C02 

mm“CO* 

mm^’CCa 

2 gamma Bi 

25 

54 

89 

124 

No Bi added to cell suspension 

24 

54 

89 

122 


intermediate in the fermentation of glucose (Wood and Workman, 1934) , 
dissimilation of the latter by Bi-deficient P. pentosaceum should be stimu- 
lated by addition of the vitamin. The propionic acid bacteria were trans- 
ferred from a yeast extract-peptone medium to the basal medium of 
Tatum, Wood and Peterson. Tlie cells were collected at 72 hours by 
centrifugation, washed twice in distilled water and suspended in M/15 
phosphate buffer pH 5.6 (one part by volume cell paste to 20 parts buffer) . 
One cc. of this cell suspension was tested on glucose in the Warburg 
respirometer under an atmosphere of nitrogen at 30° C. All experiments 
witti P. pentosaceum were rim under these conditions. 

Table 2 shows that the increase in the rate of breakdown of glucose 
due to added vitamin Bi, is not of the same order as that which occurs in 
the case of pyruvic acid. It is to be noted that as the concentration of 
pyruvic acid is decreased, the increase in its rate of dissimilation dimin- 
ii^es imtil at the lower concentrations it is of the same order as that of 
glucose. Assuming that the vitamin affects the dissimilation of glucose 
only after it has been broken down to pyruvate, and that the rate of dis- 
similation is a true index, we find imder the conditions of our experiments 
that the amount of pyruvic acid arising from the glucose at any one 
instant is in the vicinity of 0.56 to 1.12 mg. However, after the first 2 hours 
the rate of dissimilation of glucose in the presence of vitamin Bi rapidly 
approaches that in the absence of vitamin Bi. 

Pyruvic acid is generally accepted to be an intermediate in the pro- 
duction of propionic acid from lactates by the propionic acid bacteria 
(van Niel, 1928; Erb, Wood and Workman, 1936) . In this case it is to be 

TABLE 2. Comparative effect of vitamin Bj on the dissimilation of pyruvate and 

glucose hy P. pentosaceum 


Substrate 

Glucose 

Pyruvate 

Mg. substrate 
per cup 

13 0 

9.0 

4.5 

2.25 

1.12 

0.56 

0 

Vitamin Bi 
gamma 

■ 

1 


1 


1 

0 

1 


1 

0 

1 

0 

CO^i/hr. mm® 

38 

51 

56 

212 

45 

115 

36 

126 

36 

75 


33 

17 




VITAMIN Bi IN BACTERIAL METABOLISM , 


109 


expected that vitamin Bi will stimulate the formation of propionic acid 
from lactic acid. This stimulation is foimd to occur. The rates of anaerobic 
dissimilation of pyruvic and lactic acids are compared in table 3. 


TABLE 3. Comparative stimulation hy vitamin Bi in the dissimilation oj pyruvate and 

lactate by P. pentosaceum 


Substrate 

Lactate 

Pyruvate 

Vitamin Bi gamma 

0 

1 

0 

1 

mm’ COs/hr. 

35 

54 

73 

165 

Per cent increase 


54 


126 


The effect of the addition of crystalline vitamin to vitamin Bi deficient 
cells on various substrates is shown in table 4. 

Apparently vitamin Bi acts as a stimulant in the dissimilation of all 
substrates tested with the exception of galactose. In this case no significant 
increase can be observed on the addition of the vitamin. 


TABLE 4. The dissimilation of several substrates in the presence and absence of 

vitamin Bi 


Treatment 

Arabinose 

Dihydroxyacetone 

Glyceraldehyde 

Mannitol 

Galactose 

No B^ 

71 

88 

41 

17 

74 

1 gamma Bi 

192 

211 

106 

47 

85 


Note: Substrate cone 0 5 cc of 0 8 per cent solution. 

Results in mm CO evolved in 3 hours for arabinose and dihydroxyacetone, 4 
hours for other substrates. 


THE INFLUENCE OF THE PYRIMIDINE AND THIAZOLE FRACTIONS OF 
VITAMIN B, ON THE GROWTH AND METABOLISM OF P. PENTOSACEUM 

Robbins (1938) has shown that certain fungi apparently synthesize 
vitamin Bi in synthetic media, others may utilize either the pyrimidine or 
thiazole fraction and synthesize the other, while still other fungi can grow 
only in the presence of both fractions apparently being able to couple 
them. Using the same fractions employed by Robbins an experiment was 
undertaken to determine whether thiazole- or pyrimidine^ alone or to- 


TABLE 5. Effect of vitamin fractions 


Activator 


2 gamma 

2 gamma 

2 gamma thiazole 

2 gamma 

None 

thiazole 

pyrimidine 

2 gamma pyrimidine 

vitamin Bi 

mm’ in 3 hrs. 

141 

143 

128 

141 

271 


Substrate 9mg. Na pyruvate. 


* Pyrimidine = 2-methyl-5-bromomethyl-6-aminopyrmiidine hydrobromide. 
^ Thiazole = 4-methyl-5-i9-hydioxyethyltbiazole. 
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gather can replace vitamin Bi. Table 5 shows that neither fraction alone, 
nor both together act as a stimulant in the pyruvate metabolism of P. 
pentosaceum. 

Apparently P. pentosaceum cannot couple the two fractions used to 
form vitamin Bj, unUke Staph, aureus whose pyruvate metabolism has 
been shown by Hills (1938) to be greatly stimulated in the presence of 
both pyrimidine and thiazole, but not by either alone. It may be that the 
difference is due to the slightly different pyrimidine fractions employed. 
Hills used 4-amino-5-aminomethyl-2-methyl pyrimidine while we em- 
ployed the 2-methyl-5-bromomethyl-6-aminopyrimidine hydrobromide. 


N’==='‘C - NHa 


CHa - C 

i' 


3 - ^ »C - CH2NH2 

I 


1 «l 


CH 


N'===''C - NHo HBr 


CHsC- ‘C - CH.Br 

Ii n i| 

li I' 

N- -H 


4-amino-5-aminomethyl -2-methyl 
pyrimidine 

(English nomenclature) 


2-methyl-5-bromomethyl-6-amino- 
pyrimidine hydrobromide 
(American nomenclatuie) 


Pyrimidine ring 

~NH, 


CH.i-C C CH> 

!' I 

I! I 

N CH 


Thiazole ring 
HC S 

ll ^C-CHCHjOH 

-N C -CH3 

I 

I 

Cl 


Vitamin Bi chloride 


Growth experiments were undertaken to see whether growing cells 
of P. pentosaceum can utilize either or both the pyrimidine and thiazole 
fractions as a substitute for Vitamin Bi. The basal medium of Tatum, 
Wood and Peterson consisting of the acidic ether extract of yeast, and 
hydrolyzed casein with the addition of the two fractions and Vitamin Bj 
was employed. The results are tabulated in table 6. 


TABLE 6. Non-stimulation of growing cells by vitamin fractions 


Flask 

I 

II 

ni 

1 

IV 

V 

Basal medium, cc. 

150 

150 

150 

150 

150 

Thiazole, gamma 


2 


2 


Pyrimidine, gamma 



2 

2 


Vitamin ft, gamma 





2 

Yield of cell paste at 72 hours, cc. 

0.29 

0.32 

0.34 

0.28 

0.44 

AiCtivity of grown cells on pyru- 
vate, ie., COa evolved in 2 hours 

74 

75 

74 

69 

168 
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Apparently growing cells of P. pentosaceum cannot use either the 
pyrimidine fraction or thiazole fraction alone to replace the vitan'in. 
Neither can the growing cells couple the two fractions to form the vitamin. 

The explanation for the inability of P. pentosaceum to link the two 
fractions may lie in the location of the bromine atom in the 5-CHoBr of the 
pyrimidine group. Knight and Mcllwain (1938) have presented evidence 
indicating that linkage by Staph, aureus can occur when the substituted 
5-CHy- group is -CHoNHo, -CH^OH or -CHi»NH*CSH, but is not possible 
with -CHoCONHo or -CH 3 . Apparently P. pentosaceum cannot join the 
pyrimidine and thiazole fractions when the linkage must occur by means 
of 5-CHoBr in the pyrimidine ring. 

THE OCCURRENCE OF COCARBOXYLASE IN BACTERIAL CELL EXTRACTS 

The authors (1939) have submitted evidence which indicates that 
vitamin Bi is esterified to cocarboxylase by P. pentosaceum. We wish at 
the present time to point out the occurrence of cocarboxylase or the pyro- 
phosphoric acid ester of vitamin Bi in several types of bacteria. 

One gram dried “bottom” brewer’s yeast if washed rapidly 3 times in 
50 cc. M/10 disodiumphosphate at 30^ C. shows almost rio carboxylase 
activity. Crystalline vitamin Bi alone will not reactivate such yeast, 
whereas synthetic cocarboxylase and bacterial cell extracts do. In table 
7 the comparative cocarboxylase contents of cell juices from P. pento- 
saceum, Escherichia coli and Aerobacter indolgencs are shown. The pro- 
pionic acid bacteria were cultured in a yeast-extract, peptone, glucose 
medium; E, coli and A, indologenes were grown in a peptone, glucose, 
phosphate, tap-water medium. After 72 hours at 30° C., the cells were 
thrown out of suspension, washed twice in distilled water and dried in a 
vacuum desiccator at room temperature. The extracts were prepared 
by suspending one gram of the dried bacterial cells in 10 cc. of water, 
bringing the suspension to a boil and then centrifuging. The clear super- 
natant fluid was employed as cell extract. 

The data leave little doubt that cocarboxylase occurs normally in the 
bacterial cells tested. 
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TABLE 7. Qiialitative cocarboxylase assay of bacterial extracts 




Extract of 

Extract of 

Extract of 

2 Gamma 

Activator 

None 

P. pentosaceum 

E. coli 

A. indologenes 

cocarboxylase 

mm’ CO_ in 

30 minutes 

30 

69 

104 

211 

209 

* 


Substrate; 9 mg. sod. pyruvate -f 1 mg. MgCI 

Test cells: 100 mg. alkaline washed yeast in 1 cc. P04 M/15 pH 6.2 

Extract: 0.5 cc. 

Total vol.: 2.0 cc. 

Atmosphere: air 



112 


M. SILVERMAN AND C. H. WERKMAN 
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SUMMARY 

1. Vitamin Bi is essential for anaerobic dissimilation of pyruvic acid by 
the heterolactic acid bacterium, Lactobacillus mannitopoeus, 

2. The anaerobic dissimilation of glucose, lactic acid, and several other 
substrates by Propionihacterium pentosaceum is stimulated by 
crystalline vitamin Bi. 

3. 2 - methyl - 5 - bromomethyl - 4 - aminopyrimidine hydrobromide and 
4-methyl-5-p-hydroxyethylthiazole cannot replace vitamin Bi either 

as a growth factor or metabolic stimulant in the enzyme system of 
P. pentosaceum, 

4. Evidence is presented for the occurrence of cocarboxylase in bac- 
terial cells. 
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M1NUTE5 

Fig. 1. The effect of vitamin B on the anaerobic pyruvate metabolism of Lactobacillua 

mannttopoeus. 

Substrate, 9 mg. pyruvic acid. Total vol , 2 0 cc Atmosphere, nitrogen Temp , 30* C. 
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The dehydration of cholesterol is an important phase in the investiga- 
tion of the chemical antirachitic activation of sterols (11) since the activat- 
ing reagents used are dehydrating reagents. However, the literature on 
the dehydration products of cholesterol is not only indefeite but also very 
confusing so that a correlation of the material in the literature seems 
desirable. 


HISTORICAL 

There are three general types of reactions by which the dehydration 
products of cholesterol are obtained: (a) direct dehydration of cholesterol, 
allocholesterol, or their epimers, (b) the removal of hydrogen halide from 
cholesteryl halides, and (c) the pyrolytic decomposition of cholesteryl 
esters. An attempt has been made to consult all references to the dehydra- 
tion products of cholesterol. A list of these products is presented in 
table 1. 

The variation in the reported melting points and optical rotations for 
the dehydration products of cholesterol has made difficult their character- 
ization. The optical rotation of various cholesterol derivatives has been 
studied by Mauthner (27) , Callow rnd Young (8) and Stavely and Berg- 
mann (46) ; among other deductions it is interesting in this connection to 
note that those derivatives which have a double bond in the 4,5-position 
are dextrorotatory, whereas a double bond in the 5,6-position causes 
laevorotation. 

Stavely and Bergmann (46) separated the cholesterilenes (cholesteri- 
lene prepared by some of the various methods) into two groups which 
have specific rotations (a) between — 60^ and — 70° and (b) greater 
than — 100° and suggested that both groups have the 3,5-con3Ugated 
system since a meniber of each group possessed a similar absorption 
spectrum. However, the same authors (46, 47) used the terms cholesteri- 
lene and 3,5-cholestadiene interchangeably and also suggested (47) that 
cholesterilene prepared by the zinc dust distillation of cholesterol (14) 
was a mixture of cholesterilene and 2.4-cholestadiene. 

Cholesterilene was previously assigned the structure of 2,5-cholesta- 
diene by Heilbron (20) but the high absorption of cholesterilene in the 
ultraviolet is consider^ indicative of a conjugated system (46). Three 
maxima reported at 249, 304, and 312 mu in the absorption spectrum of 
cholesterilene (21) were later not confirmed (37, 43) but instead other 
maxima at 229, 235 and 244 m^i (44, 46) and at 235 and 245 m\x (23) have 
been found. Other physical constants of cholesterilene such as cry^l 
structure and refractive index (1, 46, 52) have been reported. 

^Journal Paper No. J-599 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 506. 

* Part of the literature search was conducted by Ralph L. Van Peursem in partial 
fulfilment for the degree of Doctor of Philosophy. 
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Heilbron and Sexton (22) suggested that one double bond in chol- 
esterilene must occupy the same position as the double bond of pseudo- 
cholestene since the formation of pseudocholestene by the action of heat 
on cholesterol was regarded as a result of dehydrogenation of part of the 
cholesterol to cholestenone and then the hydrogen liberated was used to 
reduce cholesterilene, obtained by dehydration of a further part of the 
cholesterol, to pseudocholestene. Windaus (58) concluded that cholesteri- 
lene did not possess a conjugated system of double bonds since is was re- 
covered unchanged after treatment with sodium in boiling absolute 
alcohol. Sodium in boiling amyl alcohol has also been found (14, 46, 58) 
not to affect cholesterilene. 

Although cholesterilene must possess two double bonds since it ab- 
sorbs four atoms of hydrogen, Windaus (59) suggested that cholesterilene 
may consist of several isomers which only slightly influence each other's 
melting points and form mixed crystals with each other and also that the 
variation in optical rotation of cholesterilene, prepared by various methods, 
can not result from a partial racermization since the products — cholestane 
and coprostane— obtained by catal 5 rtic hydrogenation possessed the proper 
optical rotations. Cholestane or coprostane or both have been isolated 
from the catalytic reduction products of cholesterilene in ether, ethyl 
acetate or acetone solution with platiniim or palladium catalyst (7, 14, 38, 
46, 49, 50, 59, 61) . Cholesterilene was also found to be reduced to choles- 
tane by the action of selenium (10) . 

Chlorine has been reported (64) to decompose a-cholesterilene 
(moleuclar weight 482 (28) ) , b-cholesterilene and c-cholesterilene (mo- 
lecular weight 764, 780, 769 and 721 (28) ) and to evolve hydrogen chloride 
(65) from a- and b-cholesteron. Iodine values of 70.9, 70.0, 72.2 (28) , 73.36 
and 77.87 (37) have been recorded for cholesterilene; this corresponds to 
approximately one mole of iodine per mole of cholesterilene. 

Mauthner and Suida (28) believed that cholesterilene possessed only 
one double bond since it added only one mole of bromine. However, 
Windaus (58) considered it likely that cholesterilene contained two 
double bonds which absorbed bromine by 1,4-addition and created a 
double bond which was inactive to the addition of more bromine. Choles- 
terilene dissolved in chloroform, carbon disulfide or acetic acid has been 
found to add one mole of bromine (12, 29, 32, 46, 50, 51) without the isola- 
tion of a bromine addition product (17, 29, 46) and that additional 
bromine was not immediately decolorized but hydrogen bromide was 
evolved (29) to yield a brown liquid (46) . Attempts to recover cholesteri- 
lene, after treatment with bromine, by the action of sodium iodide vielded 
black tarry material (46) . Mention has been made (26) of a tetrabromo- 
cholestane, obtained by the action of bromine on cholesterilene, which was 
not described except that it was different from tetrabromochole.stane, 
m p. 110°, obtained by the action of bromine on epicholesteryl acetate; the 
tetrabromocholestane from cholesterilene was not confirmed (46). 

Walitskv (56) stated that c-cholesterilene of Zwenger (64) and 
‘Vholestene” obtained bv the action of hydrogen iodide or of sodium or 
cholesterol all yielded the same bromine compound C 2 oHi 4 Br« with the 
o^rolution of hydrogen bromide when treated with an excess of bromine. 
The product C » 7 H 44 , m.p. 78-9°, obtained by the action of sodium ethoxide 
on “4-dichlorocholestene” was reported to give a tetrabromide meltincf at 
162-4° (41) . It has also been reported that from the mother liquors, after 
the removal of cholesterilene form the reaction product obtained by the 
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action of phosphorus pentoxide on cholesterol (33) , was obtained a com- 
pound, m.p. 66-7°, which with bromine in chloroform solution gave a 
bromide melting at 61-2°. 

A maleic anhydride addition product was not obtained by treating 
cholesterilene with maleic anhydride in benzene (46) or toluene (53) 
solution although an abnormal addition product, m.p. 240-5° with decom- 
position, was obtained in xylene solution heated in a sealed tube (46) . If 
cholesterilene contains the 3,5-conjugated system, addition would have to 
take place in an unusual manner due to sterochemical reasons (46) . 

When treated wtih perbenzoic acid, cholesterilene has been found to 
require 1.39 and 1.49 moles of perbenzoic acid per mole of cholesterilene 
after 24 hours, 1.56 and 1.66 moles after 48 hours and 1.63 and 1.74 moles 
after 82 hours (44) . Perbenzoic acid titration of cholesterilene has also 
been observed to indicate 1.97 double bonds after 48 hours (46) and 1.87 
double bonds after 8 days (12) . 

Cholesterilene was found to be oxidized by the action of posassium 
permanganate (29, 51) and an acid containing 27 carbon atoms was 
isolated by chromic acid oxidation (29) . Oxidation of cholesterilene with 
chromium trioxide yielded cholestene-4-dione-3,6 (14, 58) which was 
found to be identical with the neutral oxidation product from 3,5-cholesta- 
diene (isolated as the monophenylhydrazone) (12) . 

The unsaturated nature of cholesterilene was demonstrated by the 
tetranitromethane color reaction (50). Cholesterilene has been observed 
to give the usual cholesterol color reactions (6, 36, 44, 50, 51, 57) . Whitby 
(57) suggested that, in the typical cholesterol reactions, cholesterilene was 
first formed and that it then coupled with a second substance, such as 
formaldehyde, to give the colored nroducts. However, Wokes (62) was 
not able to obtain any colors by the treatment of cholesterilene with 
formaldehyde alone (either as formalin solution or in the nascent 
condition) . 

Cholesterilene treated with sulfuric acid has been observed to give a 
brownish yellow solution with a strong green fluorescence (28) , a citron 
yellow color (6) or a yellow solution with a green fluorescence (32) . Soft 
brownish red resinous masses were obtained bv the action of sulfuric acid 
on a-, b- and c-cholesterilene (64). Nitric acid was reported to slightly 
attack a-, b- and c-cholesterilene (64) , with the formation of Redtenbach- 
er’s acid (42) from a-cholesterilene. Cholesterilene treated with nitric acid 
was found to give a cherry red color (32) or a slight rose to cherry red 
color which was destroyed to a yellow resin by the addition of sodium 
nitrate (28) . An ether or ether-alcohol solution of cholesterilene treated 
with hydrogen chloride displayed a color change through yellow to light 
brown to brownish red with a green fluorescence and the product obtained 
was found to be antirachitic (lib, 11c). Cholesterilene can also be con- 
verted into antirachitic products by other dehvdrating acidic reagents but 
not bv ultraviolet irradiation (11b, 11c, lie). Treatment with a cold mix- 
ture of sulfuric acid and acetic anhydride was found to convert cholesteri- 
lene into cholesterilene sulfonic acid (methyl ester, m.p. 175-6°: lithium 
salt, turned brown at 220°) which was antirachitically inactive (60) . 

Treatment with alcoholic sulfuric acid was reported to convert 
cholesterilene in cholesterol which was identified by its melting point, 
optical rotation and bromine derivative (33). It was likewise found 
that treatment with dilute sulfuric acid in benzene-acetic acid solution 
converted cholesterilene into cholesterol which was identified as the 
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digitonide (14) although a chloroform solution of cholesterilene remained 
imchanged when shaken with 10 per cent sulfuric acid for 6 days (58) . 

The normal ether of cholesterol, dicholesteryl ether, formed by the 
removal of one molecule of water from two molecules of cholesterol has 
sometimes been called cholesteryl ether, cholesteryl oxide, p-cholestery- 
lene or tricholesterol. It has been prepared by various methods (2, 3, 5, 
17, 18, 28, 32, 34, 35, 36, 48, 49), forms a tetrabromide which melts at 
164-6° (28, 32) (m.p. 178° (18)), gives sterol color reactions (3, 62), 
shows no marked selective absorption (21), is converted into an anti- 
rachitic product by treatment with sulfuric acid-acetic anhydride (lie) 
but is not activated by ultra-violet irradiation (3, 4, 19) , reacts with hydro- 
gen peroxide in benzene solution followed by acetylation to yield a diace- 
tate melting at 143° (40), and when distilled with aluminum chloride 
gives various hydrocarbon fractions (63) . 

2,4-Cholestadiene has been prepared by the action of aluminum oxide 
on cholesterol (45, 47) and has been found to be reduced catalytically to 
coprostane, to react with perbenzoic acid in an amount equivalent to 1.94 
double bonds, to give a normal maleic anhydride addition product melting 
at 70-2°, to be reduced to pseudocholestene by the action of sodium in 
alcohol, to be rearranged to cholesterilene by the action of alcoholic 
hydrochloric acid, to have a maxima in its absorption spectrum at 260 m^ 
(47) and to form a stable crystalline peroxide, m.p. 118.5-20.5°, (a) + 
52.8 in chloroform, by the action of oxygen in the presence of eosin (45) . 

EXPERIMENTAL 

Preparation of a-cholesterilene. The a-cholesterilene of Zwenger (64) 
was prepared as follows. In a 500 cc. Erlenmeyer flask were placed 10 gm. 
of dry cholesterol and 40 cc. of dilute sulfuric acid (1 volume of concen- 
trated sulfuric acid diluted with 1 volume of water) . The reaction mixture 
was immersed in a water bath maintained at 65° and 60 cc. of concentrated 
sulfuric acid were added with stirring in the period of 1 minute, during 
which time the colorless suspension changed through pink to a dark red 
mass. The reaction mixture was heated an additional 2 minutes at 65° 
(bath temperature) with stirring and the slightly fluorescent sulfuric 
acid was immediately removed by decantation. The residue was washed 
twice with water by decantation and then allowed to slowly hydrolyze in 
50 cc. of water; on treatment with water the dark red mass slowly changed 
through a purple color to a pale yellow suspension. The hydrolysis was 
aided by smashing the lumps with a stirring rod. The water suspension 
was made slightly alkaline, to remove all the sulfuric acid, by the addition 
of 10 cc. of ammonium hydroxide and then 60 cc. of alcohol were added 
to increase the difference between the density of the suspending medium 
and that of the suspensoid. The suspension was centrifuged and the pale 
yellow solid was centrifuged several times from suspension in 50 per cent 
alcohol and from 95 per cent alcohol. One hundred cubic centimeters of 
ether was added to the air dried product (7.5 gm.) and the ether-insoluble 
a-cholesterilene was removed by centrifugation and then centrifuged 
from ether suspension three times. The a-cholesterilene, yield 1 gm., was 
recrystallized from chloroform solution until it melted at 344° (bloc 
Maquenne) , (a) 4“ 96.85 (c, .8096 in carbon tetrachloride) . The melt- 

ing point of a-chol^terilene was reported by Zwenger (64) to be 240° but 
Mauthner and Suida (28) found it to sinter at 210-20°, to become trans- 
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parent at 235° and to become fluid at 260°. a-Cholesterilene was found to 
display the capillary melting point of 240-65° with decomposition so tne 
bloc Maquenne melting point was considered more reliable for melting 
point and mixed melting point determinations. 

Preparation of c~cholesterilene. The ether solutions containing the 
ether-soluble fraction of the reaction product were combined and con- 
centrated invacuo. The residue was dissolved in benzene-petroleum ether 
(1:1 by volume) and the solution was passed throu^ a column of 
activated alumina. The solution was concentrated in vacuo and the resi- 
due was recrystallized from ether-alcohol until it melted at 200° (bloc 
Maquenne) , (a) + 34.5 (c, 2 in carbon tetrachloride) . The yield of 

this compound, the c-cholesterilene of Zwenger, was 3.5 gm. The melting 
point of c-cholesterilene was reported by Zwenger (64) to be 127° but 
Mauthner and Suida (28) did not record a melting point. Similar to 
a-cholesterilene, c-cholesterilene was also found to display a decomposing 
capillary melting point (m.p. 144-72° with decomposition) . A compound 
having the characteristics of the b-cholesterilene of Zwenger (64) was not 
isolated from the reaction product obtained by the action of sulfuric acid 
on cholesterol. 

Bromination of a- and c-cholesterilenes. A slight excess of bromine in 
chloroform solution was added to a chloroform solution of a-cholesterilene 
and it was observed that the bromine was slowly absorbed with the evolu- 
tion of hydrogen bromide. The solvent was removed in vacuo and the 
residue was recrystallized from ether-alcohol until it melted at 245° 
(bloc Maquenne) (capillary melting point 135-47° with decomposition). 

An excess of bromine in acetic acid solution was added to an ether 
solution of c-cholesterilene and it was likewise observed that the bromine 
was absorbed with the evolution of hydrogen bromide. The solution was 
poured into water and extracted with ether. The ether solution was 
washed with water and dried over anhydrous sodium sulfate. Alcohol 
was added to the dried ether solution and the product obtained was re- 
crystallized from ether-alcohol until it melted at 235^ (bloc Maquenne) 
(capillary melting point 163-78° with decomposition) . 

Treatment of cholesterol with other reagents, a-Cholesterilene was 
isolated from the reaction products obtained by the action of a number of 
reagents on cholesterol and some cholesterol derivatives. Various methods 
of preparing a-cholesterilene are presented in a condensed form in table 2 
and the antirachitic activity of the ether soluble fractions of the reaction 
products obtained by these methods is presented elsewhere (11a, 11c, lid) . 

DISCUSSION 

A study of the dehydration of cholesterol leads to the obvious con- 
clusion that a number of products can be prepared. The compound or 
compounds obtained depends on the procedure employed. Thus one mole- 
cule of water can be removed from one molecule of cholesterol with the 
formation of 2,4-cholestadiene or of cholesterilene which is considered 
identical with 3,5-cholestadiene although the variation in the optical rota- 
tion of cholesterilene prepared by various methods has not been explained. 
Under other conditions, one molecule of water can also be removed from 
two molecules of diolesterol with the formation of dicholesteryl ether. The 
formation of 3,5-cholestadiene and of dicholesteryl ether requmes only 
dehydration but the formation of 2,4-cholestadiene requires a shift of the 
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cholsteryl chloride + ZnO 
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cholesteryl bromide -f Nal -f 
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cholesteryl methyl xanthogenate 
cholesteryl methyl xanthogenate 
cholesteryl methyl xanthogenate 
cholesteryl methyl xanthogenate 

cholesteryl methyl xanthogenate 
cholesteryl phenyl urethane 
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Part of the dicholesteryl ether was recovered unchanged 
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5,6>double bond to the 4-5-position followed by dehydration to form the 
2,3*double bond* 

Hie formation and characterization of other dehydration products, 
such as the a- and c-cholesterilenes of Zwenger, have been neglected. The 
directions for the preparation of these two compounds were studied and 
the formation of a-cholesterilene by a number of methods was found. 
Due to the differences in melting points, optical rotations and bromination 
products, these two compounds, a- and c-c^olesterilenes, cannot be identi- 
cal with 2,4-cholestadiene, cholesterilene or dicholesteryl ether. 

Since a-cholesterilene was found to be formed from either cholesterol 
or cholesterilene, it is evident that dehydration is involved in its formation 
from cholesterol. It was also found that a-cholesterilene could be obtained 
from cholesteryl acetate, butyl cholesteryl ether or i-cholesterol but not 
from cholestene, cholesteryl chloride or dicholesteryl ether. Similar to 
the action of sulfuric acid, sulfoacetic acid also caused the formation of 
a-cholesterilene. It was isolated from the reaction product obtained by 
the action of sulfuric acid-acetic anhydride on cholesterol at 25° but not 
when the reaction mixture was heated at 85-90° at which temperature it 
was formed from i-cholesterol. a-Cholesterilene was produced by the 
action of zinc chloride on cholesterol in acetic acid solution but not when 
heated in the absence of a solvent. It was formed in the reaction mixtures 
obtained by the action of zinc chloride-acetyl chloride in acetic acid solu- 
tion or of phosphorus pentoxide in benzene solution with cholesterol and 
cholesterilene but not from the reaction mixtures with cholestene. 
a-Cholesterilene was isolated from the reaction product obtained by the 
action of trichloracetic acid on cholesterilene at 25° but not when heated 
at 160°. 

Since heat is not required in the formation of a-cholesterilene, it 
cannot be considered a product of pyrolysis. The observation that 
a-cholesterilene can be obtained by the action of trichloroacetic acid on 
cholesterilene at room temperature suggests that it is a rearrangement 
product since trichloroacetic acid may act as an isomerizing reagent. 
Furthermore, since a-cholesterilene can be obtained by the action of 
sulfuric acid-acetic anhydride at 85-90° from i-cholesterol but not from 
cholesterol under the same conditions and since i-cholesterol, a-cholesteri- 
lene and c-cholesterilene are all dextrorotator, it is possible that a- and 
c-cholesterilene may have some connection with i-cholesterol. 

The variation in the optical rotation of cholesterilene prepared by 
various methods has not been explained. It can be seen that if dehydro- 
genation, hydrogenation or a rearrangement should occur along with de- 
hydration to form a dextrorotatory by-product, such as cholestenone, 
pseudocholestene, a- or c-cholesterilenes, in the preparation of cholesteri- 
lene, then the optical rotation of the cholesterilene would depend on the 
removal of such impurities from the cholesterilene. The investigation is 
being continued. 

SUMMARY 

The literature on the dehydration of cholesterol including the 
preparation of the dehydration products with their physical and chemical 
properties has been reviewed. Five products — 2,4-cholestadiene, choles- 
terilene, dicholesteryl ether, a-cholesterilene and c-cholesterilene — ^should 
be recognized as Viifferent dehydration products which can be obtained 
from cholesterol. 
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a- and c-Cholesterilenes were prepared by various methods and were 
found to be dextrorotatory and to yield bromination products. The forma- 
tion of dextrorotatory dehydration products in the preparation of choles- 
terilene which as impurities would lower the negative optical rotation of 
cholesterilene was suggested as a possible explanation for the variation in 
the reported optical rotation of cholesterilene obtained by various 
methods. 
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The genus Reuteria Puton (1875) was originally founded for a new 
species, marqueti, collected in Toulouse, France, by M. Marquet. Reuter 
(1909) examined specimens of Capsus trroratus Say (1832) from North 
America and pronounced them identical with the European species 
Reuteria marqueti Puton (1875). Vap Duzee (1917) in his “Cat^ogue 
of Hemiptera” and Oshanin (1909) in “Verzeichnis der Palaearktischen 
Hemipteren” follow Reuter in this synonomy. The present writer has ex- 
amined specimens of Reuteria marqueti Puton from Europe and finds 
them different from the five American species considered in. this paper. 

The genus Reuteria may be distinguished easily from allied genera 
by the black lines on the basal antennal segment. There are two longi- 
tudinal black lines, lateral in position, which connect apically on the 
ventral aspect. The species are small, pale in color, with green dots, 
blotdies, or tints of green on the hemelytra and femora. The male genital 
structures give distinctive characters for the species. 

Reuteria irrorata (Say) 

Capus trroratus Say, Het. Hem. New Harmony, p. 25, 1832. 

For many years all specimens of Reuteria have been considered as 
belonging to a single species, irrorata Say. Five species are recognized in 
the present paper of which one (PI. I, fig. 3) has b^n selected as the form 
most likely described by Say. This species occurs chiefly on elm (XJlmus 
americana) and in addition to the structural characters found in the male 
genital segment, the hemelytra and dorsal aspect of posterior femora are 
conspicuously marked with green dots as given in the original description. 

Records: IOWA— $ June 29, 1931, Ames (H. H. Knight) . ILLINOIS 
— ^ June 23. 1918, <5 ?July 12, 1930, Urbana (T. H. Prison), on elm. 
S $ Aug. 11, 1932, Urbana (Knight, Mohr and Ross) , on elm. 2 $ July 5, 
1932, Rockford (Dozier and Mohr) . ^ 9 July 14, 1932, Starved Rock 
(Dozier and Park) , on elm. MINNESOTA — 9 July 18, 1922, Ramsey Co.; 
$ 9 July 29, 1919 (H. H. Knight) , on elm. NEW YORK— $ July 29, 1916. 
S 9 Aug. 3, 1914, Batavia (H. H. Kni^t) . 

Renteria fuscicomb n, sp. 

Distiguished from irrorata Say by structure of the male genital 
claspers (PI. I, fig. 1) and fuscous coloration of the second antennq) 
segment. 

Male. Length 4.3 mm., width 1.3 mm. Head: width .65 ^., vertex 
.346 mm. Rostrum, length 1.21 mm., reaching to apices of middle coxae. 
Antennae: segment I, length .43 mm., pale, a heavy black lon^tudinal line 
on inner and one on outer margin, the two lines connected apically across 
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ventral ai^ct; II, 1.53 nun., blackish at base shading to fuscous on basal 
half, yellowish apically; III, 1.17 mm., yellowish; IV, .56 mm., dusky, 
Pronotum: length .52 mm., width at base 1.12 mm. Clothed with simple 
pale pubescence, hairs longer on prontum, embolium and vertex of head, 
a few fuscous hairs at tip of clavuS; pubescence more recumbent and silky 
on clavus and corium. 

Coloration pale to whitish, hemelytra more translucent; apex and 
outer basal angle of cuneus, veins at tip of membrane cells, blotch on 
corium near tip of clavust bluish green. I^ers from irrorata Say in having 
much less green on the hemel 3 rtra. Ventral surface and legs pale, femora 
sometimes shaded with greenish but not forming distinct spots; tibiae with 
a black point at base. 

Female. Length 4.3 mm. Head: width .69 mm., vertex .38 mm. An- 
tennae: segment I, length .43 mm.; II, 1.56 mm.; Ill, 1.16 mm.; FV, .70 mm.; 
color similar to the male. Pronotum: length .56 mm., width at base 1.12 
mm. Color and pubescence not differing from that of the male. 

Holotype: ^August 13, 1915, Batavia, New York (H. H. Knight); 
author’s collection. Allotype: same data as the type, Paratypes: 11 3 2 9 
taken with the types on hop hornbeam ( Ostrya virginiana). NEW YORK 
— i Aug. 5, 1915, 3 July 29, 1916, 2 9 Aug. 30, 1916, Batavia (H. H. 
Knight). ^ July 26, 1916, Ithaca (H. H. Knight). ILLINOIS— 74 5 9 
June 25, 1932, Harrisburg (Ross, Dozier and Park) , taken on ironwood 
(Carpinus caroliniana). $ 9 June 23, 1932, Kamak (Ross, Dozier and 
Park) , on Carpmus carolmtana. IOWA — $ 5 9 July 13, 1927, Ames (H. 
H. Knight). MINNESOTA— ^ July 6, 1921, St. Anthony Park (H. H. 
Knight), at light. ONTARIO, CANADA— 2 ^ 2 9 July 7, 1916, Parry 
Sound (H. S. Parish) . 


Reuteria bifurcata n. sp. 

Distinguished from allied species by the bifurcate form of the male 
genital claspers (PI. I, fig. 2) . Differs from irrorata and fuscicornis in the 
absence of green dots on clavus and corium. 

Male. Length 4.8 mm., width 1.6 mm. Head: width .75 mm., vertex .36 
mm. Rostrum, length 1.3 mm., reaching to middle of intermediate coxae. 
Antennae: segment I, length .44 mm., Mack marks t 5 ^ical for the genus; 
II, 1.69 mm., yellowish, a distinct black ring at base; III, 1.21 mm., yellow- 
ish to dusky; IV, .69 mm., dusky yellow. Pronotum: length .62 mm., width 
at base 1.25 mm. Clothed with pale simple pubescence as in the above 
species. 

Color pale to whitish, hemelytra more translucent, membrane and 
veins pale; apex of cuneus, a small spot at outer basal angle and tip of 
embolium dark green. Legs pale, femora without green spots, tibiae with 
black spot on base. 

Female. Length 4.3 mm., width 1.65 mm. Head: width .74 mm., 
vertex .41 mm. Antennae* segment I, lepgth .47 mm.: II, 1.69 mm.; Ill, 
1.12 mm.: IV, .52 mm. Pronotum: length .W mm., width at base 1.22 mm. 
Color and pubescence not differing from that of the male. 

Holotyrye: 3 July 29, 1916, Batavia, New York (H. H. Knight); 
author’s collection. Allotype: same data as the tvpe. Paratypes: NEW 
YORK — 4 9 taken with the types. 2 3 5 9 July 30, 1916, 3 4 9 July 31, 
1916, Batavia (H. H. Knight). MARYLAND— ^ July 10, 1918, Odonton 
(W. L. McAtee). OKLAHOMA— 5 June 21, 1937, Sallisaw (Standish 
and Kaiser) . 
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Renteria querci n. sp. 

Allied to irrorata Say but distinguished by the structure of the male 
genital claspers (PI. I, fig. 4) . Females may he separated by absence of 
well formed green blotches on corium and paler veins in the membrane. 

Male. Length 4.3 mm., width 1.4 mm. Head: width .71 mm., vertex 
.35 mm. Rostrum, length 1.17 mm., reaching to near hind margins of 
middle coxae. Antennae: segment I, length .43 nun., marked with black 
as typical for the genus; II, 1.51 mm., yellowish, black at base; HI, .95 mm., 
yellowish; IV, .56 mm., yellowish to dusky. Pronotum: length .56 mm., 
width at base 1.14 mm. Clothed with pale simple pubescence, clavus and 
corium with somewhat sericeous pubescence, a group of fuscous hairs at 
tip of clavus. 

Color pale to whitish, hemelytra pale to translucent, membrane clear, 
veins greenish. Margins of cuneus, small dots and blotches on corium and 
dots on clavus bluish green. The green blotches are smaller and less con- 
spicuous than in irrorata. Legs pale, hmd femora with some greenish but 
without well defined blotches; tibial knees black, tips of tarsi fuscous. 

Female. Length 4.4 mm., width 1.5 mm. Head: width .70 mm., vertex 
.36 mm. Antennae: segment I, length .43 mm.; II, 1.51 mm.; Ill, 1.08 mm.; 
rV, .21 mm. Pronotum: length .54 mm., width at base 1.08 mm. Coloration 
and pubescence similar to that of the male. 

Holotype: 3 July 25, 1924, St. Anthony Park, Minnesota (H. H. 
Knight) ; author’s collection. Allotype: taken with the type. Paratypes: 
MINNKOTA — 8 $ taken with the types on bur oak ( Quercus macro 
carpa) which is the host plant of the species. $ July 20, 1920, Ramsey Co.; 
^ 2 9 Aug. 5, 2 9 Aug. 11, 1920, St. Anthony Park (H. H. Knight) . $ July 
20, 1920, Gray Cloud Island (H H. Kmght) . IOWA— 2 ^ 2 9 July 15, 1932, 
Ames (Andre and Travis). ILLINOIS — 9 June 22, Golconda; 2$ 2 9 
June 23, 1932, Kamak (Ross, Dozier and Park), on Quercus. $ June 26, 
1934, Alton (DeLong and Ross) . 6 June 23, 1932, Dixon Springs (Ross, 
Dozier and Park. 3 July 5, 1932, Rockford (Dozier and Mohr) . $ June 
27. 1932, Urbana (Frison and Ross) , on oak. 2 $ July 4, 1933, White Heath 
(H.H.ROSS). NEW YORK— 2 ^ 1 9 Aug. 10, S 5 9 Aug. 12, 1916, ^Aug. 
5, S Aug. 24, 1915, Batavia (H. H. Knight), on Quercus macrocarpa. 
MARYLAND— $ July 29, 1917, Odonton (W. L. McAtee). VIRGINIA— 
(5 July 16, Falls Church (N. Banks). 

Reuteria pollicaris n sp 

Distinguished from allied species by the structure of the male genital 
claspers (PI. I, fig. 5) ; the thumblike projections of each clasper suggesting 
the name. The absence of green spots on corium and clavus is suggestive 
of hifurcata but the fuscous mark bordering the larger areole may serve 
as a distinction for the separation of females. 

Male. Length 3.9 mm., width 1.5 mm. Head: width .71 mm., vertex 
37 mm. Rostrum, length 1.56 mm., reaching upon apices of middle coxae. 
Antennae: segment I, length .39 mm., marked with black lines as typical 
for the genus; II, 1.43 mm., yellowish, a distinct black ring at base; Hf, 
broken. Pronotum: length .K mm., width at base 1.08 mm. Clothed with 
simple pale pubescence. 

Color pale to whitish, hemelytra semitranslucent, membrane clear, 
veins green, a distinct fuscous line bordering apex of larger areole; at>ex 
of cuneus, a small spot on outer basal angle, and tip of embolium dark 
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green to fuscous. Legs pale, femora dusky to green on apical half, tibial 
knees with black ^ot, tips of tarsi fuscous. 

Holotype: ^ June 25, 1921, Aberdeen, Mississippi (C. J. Drake); 
author’s collection. 


Explanation of Plate I 

Male genital claspers of Reuteria species, a. left clasper, poster©' 
lateral aspect, b. right clasper* postero-lateral aspect. 

Fig. 1. Reuteria fusdcomis n. sp. 

Fig. 2. Reuteria bifurcata n. sp. 

Fig. 3. Reutena irrorata (Say) 

Fig. 4. Reuteria querci n. sp. 

Fig. 5. Reuteria pollicaris n. sp. 
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HIGH MOLECULAR WEIGHT FATTY ACID DERIVATIVES 
1. CHARACTERIZATION OF ACIDS 

Hsnry Gilman and Grover M. Ford 
From the Chemical Laboratory of Iowa State College 
Received December 7, 1938 

In continuation of studies concerned with animal by-products, an 
early need was felt for suitable derivatives for the characterization of 
high molecular weight fatty acids. Several excellent general studies 
(referred to later in this paper) have been reported on derivatives of 
acids. Unfortunately, however, derivatives of high molecular weight 
acids present a somewhat special problem for three reasons. First, fixe 
melting points of most derivatives of high molecular weight acids which 
differ by one or two carbon atoms lie relatively close together. Second, 
such derivatives of closely related acids do not usually Slow significant 
depressions in mixed melting point determinations. Third, derivatives of 
high molecular wei^t fatty acids are frequently more difficult to prepare 
and purify than the derivatives of simple acids. 

For these reasons, an examination has been made of new derivatives. 
It has been found that several of the derivatives prepared are suitable. 
The acids examined were lauric, myristic, palmitic, stearic and oleic. The 
tables contained in the Experimental Part give a concise accoimt of the 
important properties, together with values of the mixed melting points of 
50^-507# mixtures of the related, successive members differing by two 
carbons. The Discussion of Results considers some advantages and dis- 
advantages of the several derivatives. 

EXPERIMENTAL PART 

All melting point determinations were made by the capillary tube 
method in an oil haih which was stirred by means of a mechanical stirrer. 
The same thermometer was used for all melting points and was standar- 
dized from time to time. All melting points are uncorrected. 

Unless otherwise stated, all acid chlorides used were prepared in a 
customary manner from the acid and thionyl chloride. Althou^ the acid 
chlorides were purified by distillation under reduced pressure, equally 
good results were obtained when the acid chloride was not distilled (sub- 
sequent to removal of the excess thionyl chloride) . 


N-Acylcarhazoles, | | i |. — ^The reactions for the prepara- 

\/^,/\/ 

COR 

tion of these compounds were carried out in a small flask attached to a 
reflux condenser provided with a calcium chloride tube. To 1.67 g. 
(0.01 mole) of carbazole was added 0.01 mole of the acid chloride. Hie 
mixture was heated by an oil bath at 100-150° until the evolution of 
hydrogen chloride ceased, and this time was usually one hour or longer. 


[ 135 ] 
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The black residue which is soluble in the usual organic solvents was 
crystallized from alcohol, to which decolorizing charcoal had been added. 
The N-palmitoyl derivative has been reported^. The N-acylcarbazoles 
can be prepared in good yields without the use of potassium carbazole^ 
Tbe oleic acid derivative was an oil. When the N-acylcarbazoles are 
refluxed for a few minutes in an alcoholic-hydrogen chloride solution, 
hydrolysis is affected to give carbazole and the fatty acids. 

TABLE 1. N^Acylcarhazolea 


Compound 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

Anal, percentage N 

Pctg. 

Srield 

1 Calcd. 1 

Found 

N-La\iroylcarbazole 

78-79*^ 

68-72" 


3.99 

75 

N-Myristoylcarbazole 

81-82" 

73-78" 

3.71 

3.63 

85 

N-Palmitoylcarbazole 

85-86" 

75-78" 

3.46 

3.60 

80 

N-Stearoy Icarbazole 

91-92" 


5.23 

3.39 

83 


N-Acylphenothiazines, 


/\/ \/\ 

I I I I 


COR 


. — The preparation of these 


compounds from phenothiazine was similar to the method used with the 
carbazole derivatives. The acyl derivatives crystallized from alcohol as 
yellow needles. The oleic acid derivative was an oil. 


TABLE 2. N^Acylphenothmzines 


Compound 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

Anal, perc 
Calcd. 

^ntage N 
Foimd 

Pctg, 

yield 

N-Lauroylphenothiazine 

70" 

64-67" 

3.68 

3.89 

78 

N-Myristoylphenothiazine 

75" 

65-68" 

3 42 

365 

78 

N-Palmitoylphenothiazine 

80" 

75-78" 

320 

3.50 

75 

N-Stearoylphenodiiazine 

86" 


3 01 

3.30 

70 


N-A(n^Up-toluenesulfonamides, P-CH 3 C 6 H 4 SO 1 .NHCOR. — ^The p-tolu- 
enesulfonamide and acid chloride, in equivalent quantities, were heated 
for two hours at 100-125®. Crystallization was effected from alcohol, and 
again the oleoyl derivative was an oil. 


‘ Copisarow, J. Cheih. Soc., 113, 816 (1918). 
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TABLE 3. N^AcyUp^toluenesulfonamides 


Compound 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

Anal, percentage N 

Pctg. 

yield 

Calcd. 

Found 

N-Lauroyl-p- toluene- 
sulfonamide 

83-84® 

70-73® 

3.97 

4.06 

50 

N-Myristoyl-p-toluene- 

sulionandde 

89-90® 

75-78® 

3.68 

3.77 

65 

N-Palmitoyl-p- toluene- 
sulfonamide 

93-94® 

83-85® 

3.42 

3.49 

65 

N-Stearoyl-p-toluene- 

sulfonamide 

98-99® 


3.20 

3.36 

60 


p-Phenylphenacyl Esters. p-CQlfsCiiH 4 COCHjOCOR . — ^These deriva- 
tives were prepared in accordance with the directions of Drake^ from 
2 >-phenylphenacyl bromide, the acid and sodium carbonate. The esters of 
lauric, stearic and oleic acids were reported previously^. Our p-phenyl- 
phenacyl ester of stearic acid melted at 97° and not at 91°. 

TABLE 4, p-^Phenylphenacyl esters 


Acid 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

1 Anal, percentage C and H | 

Pctg. 

yield 

1 Carbon { 

1 Hydrogen | 

Calcd. 

Found 

Calcd. 

Found 

Lauric 

86® 

75-78® 





92 

Myristic 

90® 

80-85® 

79.62 

79.80 

9.00 

9.10 

82 

Palmitic 

94® 

85-88® 

80.00 

80.15 

9.31 

9.45 

91 

Stearic 

s 

o 



80.50 

9.62 

9.70 

93 

Oleic 

60® 


1 






p-Nitroanilides, p-N02CflH4NHC0R. — These derivatives were pre- 
pared in accordance with the procedure used by Kuhen and McElvain®, 
for the corresponding p-bromoanilides. Crystallization was from alcohol. 


TABLE 5. p-^Nitroanilides 


Acid 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

Anal, percentage N 

Pctg. 

yield 

Calcd. 

Found 

Lauric 

78® 

75-78® 

9.27 

9.13 

65 

Myristic 

84® 

84-86® 



69 

Palmitic 

93® 

88-91® 

7.82 

7.79 

70 

Stearic 

96® 


1 6.93 

7.00 



N-^Acylsaccharins, 



\ 

N-COR. — To a suspension 




of 


(0.01 


‘Drake and Bronitsky, J. Am. Chem. Soc., 52, 3715 (1930). 
' Kuhen and McElvain, ibid., S3, 1173 (1931) . 
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mole) of the sodium salt (prepared from saccharin and sodium hydroxide ) 
in 25 cc. of dry chloroform or benzene was added 0.01 mole of the acid 
chloride. The mixture was refluxed for 3 hours and then filtered hot. 
Crystallization was from alcohol. The lauric acid derivative is slightly 
sweet, but the m 3 nistic, palmitic and stearic derivatives are not sweet. 
The oleoyl derivative was an oil. 


TABLE 6. N-Acylsaccharins 


Compound 

Melting 

point 

Mixed HLp. 
with next higher 
deriv. examined 

Anal, pen 
Calcd. 

centage N 
Found 

Pctg. 

yield 

N-Lauroylsaccharin 

88-89° 

73-78° 

3.84 

3.81 

60 

N-Myristoylsaccharin 

90-91° 

80-84° 

3.56 

3.64 

76 

N-Palmitoylsaccharin 


84-87° 

3.33 

3.49 

Klin 

N-Stearoylsaccharin 

1 95° 1 


3.12 

3.27 

1 82 


2, 4-Dmitrophenylhy dr azides, 2, 4- (NOo) oChHsNHNHCOR. — These 
derivatives were prepared in accordance with the procedure applied by 
Cerezo and Olay^ to some lower weight fatty acids. After refluxing 
the benzene solution for 15 minutes, the fine yellow needles were crystal- 
lized from alcohol. The stearoyl derivative has been reported* as melting 
at 120°. The oleoyl derivative was obtained as a red viscous oil. 


TABLE 7. 2,4-Dinitrophenylhydrazides 


Acid 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

Anal, perc 
“Calcd. ~ 

ventage N 
Found 

Pctg. 

yield 

Lauric 

110-111° 

95-102° 

14.74 

14 67 

50 

Myristic 

118° 

110-113° 

13.72 

13.63 i 

60 

Palmitic 

120-121° 

112-115° 

12.85 

12.73 i 

78 

Stearic 

123° 




75 


N-AcyU2-nitro-p~toluidides, (2^NOj) ( 4 -CHb) C0H3NHCOR. — The 
acid chloride and 2-nitro-p-toluidine (in equivalent quantities, as usual) 
were heated for 3 hours at 100-150°. The yellow crystals were obtained 
from alcohol. 


TABLE 8. N^AcyUZ’-nitro^p-toluidtdes 


Comi>ound 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

Anal, percentage N 

Pctg. 

yield 

Calcd. 

Found 

N-Lauroyl-2-nitro- 

p-toluidide 

62-63° 

58-60° 

8.38 

8.26 

83 

N-M3rristoyl-2-nitro- 

p-toluidide 

73-74* 

65-68° 

7.73 

7.92 

82 

N-Palmitoyl-2-nitro- 

p-toluidide 

78-79° 

72-74° 


7.25 _ 

80 

N-Stearoyl-2-nitro- 

p-tolui^de 

85° 


6.70 

6.90 

75 


Cerezo and Olay, Arudes Soc, espan, fis. quim., 32, 1090 (1934) . 
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p-Tolylmercuric salts, p-CH 3 C 6 H 4 HgOCOR. — A mixture of 0.005 
mole of di-i>-tolylmercury, 0.005 mole of the acid and 25 cc. of xylene was 
refluxed for 8 hours. The fine crystals were obtained from alcohol. Each 
derivative when heated with hydrochloric acid gave the corresponding 
acid, toluene, and mercuric chloride. The oleic acid derivative was a 
viscous oil. 


TABLE 9. p^Tolj/lmercuric salts 



Melting 

Mixed ni.p. 
with next higher 

Anal percentage Hg 

Petg. 

Acid 

point 

deriv. examined 

Calcd. 

Found 

yield 

Laurie 

93-94® 

80-85® 

40.76 

40.40 

65 

Myristic 

95-96® 

84-89® 

38.56 

38.20 

65 

Palmitic 

99® 

85-92® 

36.70 

36.27 

75 

Stearic 

102-103® 


34"91 

34.40 

60 


Phenylmercuric Salts, CoHr,HgOCOR. — ^These derivatives were pre- 
pared after the method used with tiie p-tolylmercury salts, but the period 
of refluxing in xylene was 5 hours. Boiling hydrochloric acid cleaved the 
compounds to the corresponding acid, benzene and mercuric chloride. 
Phenylmercuric myristate was prepared earlier® by heating to 120° a 
mixture of myristic acid and diphenylmercury in alcohol. The oleoyl de- 
rivative was obtained as a viscous oil. 

TABLE 10. Phenylmercuric salts 



Melting 

Mixed m,p. 
witii .lext higher 

Anal percentage Hg 

Petg. 

Acid 

point 

deriv. examined 

Calcd. 

Found 

yield 

Laurie 

82® 

68-73® 

41.96 

41.50 

50 

Myristic 

86® 

75-78® 

39 63 

39.30 

“50 

Palmitic 

93® 

80-85® 

37.66 

37.50 

60 

Stearic 

95® 


35 78 

35 40 

71 


Triphenyllead Salts, (CoH^) aPbOCOR. — ^The solution of 0.005 mole 
tetraphenyllead and 0.005 mole of acid in 25 cc. of xylene was refluxed 
for 10 hours. In this way, only a very small amount of tetraphenyllead was 
recovered, but more tetraphenyllead was recovered when the period of 
refluxing was only 5 hours. Crystallization was from alcohol. When 
hydrogen chloride was passed into chloroform solutions of the compounds, 
a precipitate of diphenyllead dichloride formed immediately. The fatty 
acids were also isolated in the cleavage products. Analysis for lead was 
by the gravimetric method® used in related studies. 

Under corresponding conditions, there was no reaction between 
tetraphenyltin and stearic acid; no reaction after refluxing in xylene for 10 
hours with silica geV as a catalyst; and no reaction after heating tetra- 
phenyltin and stearic acid in 95% alcohol for 6 hours at 150-180° in a^ 


‘ Otto, J. prttfct. Chem., [2] 1, 185 (1870) . 

* Gilman and Robinson, J. Am. CHam. Sac., 90, 1714 (1928) .* 
^ Browne and Reid, ibid., 40, 830 (1927).. 
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sealed tube. These negative results confirm the relative reactivities^ of 
organotin and organolead compounds. 


TABLE 11. Triphenyllead salts 


Acid 

Melting 

point 

Mixed m.p. 
with next hi^er 
deriv. examined 

Anal percentage Pb 

Petg. 

yield 

Calcd. 

Found 

Laurie 

91* ** 


32.53 

32.90 

89 

Myristic 

102-103® 

94-100® 

30.44 

30.75 

60 

Palmitic 

no® 

108-110® 

29.89 

29.40 

55 

Stearic 

o 

CM 

iH 


28.73 

2S.74 

50 


Monoureides, HjNCONHCOR. — ^The monoureide of stearic acid was 
first prepared in accordance with the procedure of StendaP from urea, 
ethyl stearate, and sodium ethylate in pyridine. Better yields of the mono- 
ureides were then obtained by refluxing for 3 hours a mixture of 0.01 
mole of urea, 0.01 mole of acid chloride and 25 cc. of dry pyridine. 
Crystallization was affected from an alcohol-acetic acid solution. Also, 
the stearoylurea was prepared in a 30% yield by refluxing urea and 
stearoyl chloride in dry benzene for 6 hours. The ureides of stearic®’ 
and oleic® acids have been reported. 

TABLE 12. Monoureides 


' 


Mixed m.p. 

1 




Melting 

with next higher 

1 Anal, percentage N 

Petg 

Acid 

point 

deriv examined 

Calcd 

Found 

yield 

Launc 

182® 

175-177® 

1160 

1186 

66 

Myristic 

o 

00 

t- 

173-175® 

10 37 

1066 

60 

Palmitic 

175® 

170-173® 

939 

9.56 

70 ■ 

Stearic 

174® 




60 

Oleic 

160® 




50 


Monothioureides, H^»NCSNHCOR. — ^These derivatives were prepared 
like the ureides from thiourea and the acid chloride in pyridine. 
Crystallization was from alcohol. 

Distearoylthiourea, CiTHsr.CONHCSNHCOCiTHar,, was prepared by 
adding a mixture of 22 cc. of 25^ { sodium ethylate, 7 cc. pyridine, and 
1.44 g. (0.02 mole) of thiourea to 4 g. of ethyl stearate. After 24 hours the 
mixture was added to dilute acetic acid to give a 50% yield of crude 
product, which when crystallized from alcohol melted at 100°. 

Anal. Calcd. for C37H720^NoS: N, 4.61. Found: N, 4.81 and 4.61. 


* Gilman and Nelson, Rec. trav. chim., S5, 518 (1936) . 

* Stendal, CompU rend., 196, 1810 (1933) . 

Jacobson, J. Am. Chem. Soc , 58, 1984 (1936). 
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TABLE 13. MoTiothioureides 


Acid 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

Anal, percentage N 

Petg. 

3 rield 

Calcd. 

Found 

Laurie 

138" 

132-136" 

10.85 

10.82 

85 

Myristic 

135" 

128-130" 

9.78 

9.99 

70 

Pdmitic 

135-136" 

128-130" 

8.91 

8.93 

71 

Stearic 

13"3" 


8.18 

819 

85 

Oleic 

112-113" 


8.23 1 

8.35 

40 ' 


'p-Xenylamides, p-C 6 HnC(,H 4 NHCOR. — These derivatives were pre- 
pared by treating equimolecular quantities of the acids and p-xenylamine 
in a sealed tube for 5 hours at 135-140®, and crystallizing from alcohol, or 
better from ethyl acetate’ ^ Equally good yields were obtained when the 
amine and acid chloride were heated for 5 hours at 150-200®. 

TABLE 14. p^Xenylamides 



Melting 

Mixed m.p. 
with next higher 

Anal, percentage N 

Petg. 

Acid 

point 

deriv. examined 

Calcd. 

Found 

yield 

Laurie 

146" 

135-140" 

398 

3.84 

45 

Myristic 

143" 

133-135" 

369 

3.76 

40 

Palmitic 

142" 

137-139" 

3.44 

3.34 

55 

Stearic 

143" 


3.22 

3.26 

60 


p-Acylhiphenyls, p-C«HnC«H 4 COR. — Each of these derivatives was 
prepared by a Friedel-Crafts reaction in carbon disulfide. Crystallization 
was from ethyl acetate. The position of the acyl group in the stearoyl 
derivative was shown’- to be para by comparison with an authentic speci- 
men prepared from p-phenylphenylmagnesium bromide and stearonitrile. 
It was assumed that the same orientation applied to the other acyl deriva- 
tives. A preliminary experiment indicated that the oleoyl ketone probably 
was tied up as an aluminum chloride complex’ \ 


Kimura and Nihayashi, Bar., 68B, 2028 (1935) . 

Studies by M. R. McCorkle. See, also, Ralston and Christensen, Ind, Eng. Chenu, 
29,194 (1937). 

Gangloff and Henderson, J. Am. Chem. Soc., 39, 1420 (1917) . 
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TABLE 15. p^Acylbiphenyls 




Mixed m.p. 

Anal, percentage C and H 



Melting 

with next higher 

Ccurbon 

Hydrogen 

Pctg. 

Compotmd 

point 

deriv. examined 

Calcd. 

Found 

Calcd. 

Found 

yield 

Lauroyl- 

biphenyl 

101-102" 

90-94" 

85.71 

85.90 

9.52 

9.60 

77 

Myristoyl- 

biphenyl 

102-103" 

96-98" 

85.71 

85.60 

9.89 

9.98 

73 

Pahnitoyl- 

biphenyl 

103-104" 

97-99" 

85.71 

85.85 

10.20 

10.50 

76 

Stearoyl- 

biphenyl 

106-107" 


85.71 

85.50 

10.48 

10.70 

75 


RCO./\ /\-COR 

2,8-DiacylcarbazoleSy I I I I • — Friedel-Crafts 

ik 

reactions were carried out with 0.005 mole of carbazole, 0.01 mole of acid 
chloride, 0.02 mole of aluminum chloride and 25 cc. of nitrobenzene. The 
mixture was stirred for 12 hours at room temperature and then worked 
up in a customary manner. The 2,8-distearoylcarbazole was prepared 
earlier^^. Although the positions of the acyl groups were not established 
experimentally, there is no doubt that they are 2 and 8, inasmuch as the 
corresponding diacyl compound’* (prepared analogously) was shown to 
have the acyl groups in positions 2 and 8. 

TABLE 16. 2,8-Diacylcarhazoles 


Compound 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

Anal, per 
Calcd. 

centage N 
Found 

Pctg. 

yield 

2,8-Dilauroylcarbazole 

176" 

155-160° 

2.50 

2.70 

50 

2,8-Dimyristoylcarbazole 

169" 

158-163° 

2.39 

2.57 

50 

2,8-Dipalmitoylcarbazole 

162" 

160-162" 

2.28 

2 47 

65 

2,8-Distearoylcarbazole 

163" 


2.18 

2.30 

65 


p-Acylaminohenzoic Acids, p-HOOCCr.H^NHCOR. — ^Reactions were 
carried out by refluxing for 5 hours a mixture of 0.01 mole of p-amino- 
benzoic acid, 0.01 mole of acid chloride and 25 cc. of dry pyridine. Puri- 
fication was effected by crystallization from acetic acid. 


Plant, Rogers and Williams, J. Chem, Soc,, 741 (1935). 
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TABLE 17. p-Aeylatninobemoic acids 



Melting 

Mixed m.p. 
with next higher 

Anal, percentage N ] 

Pctg. 

Compound 

point 

deriv. examined 

Calcd. 

Found 

yield 

p-Lauroylaminobenzoic 

acid 


225-227® 

4.39 

4.53 

80 

p-Myristoylaminobenzoic 

acid 

224-225® 

222-225° 

4.03 

4.19 

72 

p-Palmitoylaminobenzoic 

acid 

22^-227® 

220-224® 

3.73 

■■ 

60 

p-Stearoylaminobenzoic 

add 

221® 


3.47 

1 

3.72 

75 


N-PalmitoyU and iV-Stcaroj/iontfcronilic Acids, o-HOOCCeHiNHCOR. 
—These derivatives were prepared by refluxing for 5 hours a mixture of 
0.01 mole of anthranilic acid, 0.01 mole of the acid chloride and 25 cc. of 
dry chloroform. Crystallization was from alcohol. 

The N-palmitoylanthranilic acid melted at 100°. 

Anal. Calcd. for CasHsTOaN: N, 3.37. Foimd: N, 3.90. 

The N-stearoylanthranilic acid melted at 113°. 

Anal. Calcd. for CasHiiOaN: N,3.47. Found: N,3.65. 

A mixed melting point determination of a bO^/t mixture of the two 
acids melted at 90-93°. The oils obtained from reactions with laxu:oyl and 
myristoyl chlorides have not yet crystallized. 

3-Palmitoyl- and 3-Stearoylaminodihenzofuran, 


'\ /\ 


\/\o/\/ 


I NHCOR.— 


A mixture of 0.01 mole of S-aminodibenzofuran and 0.01 mole of the acid 
chloride was heated for 5 hours at 125-160®. Crystallization was from 
acetone. 

The 3-palmitoylaminodibenzofuran melted at 130®. 

Anal. Calcd. for CjfiHgoOoN: N, 3.32. Foimd: N, 3.33. 

The 3-stearoylaminodibenzofuran melted at 134®. 

Anal. Calcd. for CaoH^^OoN: N, 3.12. Found: N, 3.30. 

A mixed melting point determination of a 50 Yi mixture of the twty 
compounds melted at 130®. 

Sym.-Diacylhenzidines, RCONHCoH4C(,H4NHCOR. — These deriva- 
tives were prepared by refluxing for 5 hours a mixture of 0.005 mole of 
benzidine, 0.01 mole of the acid chloride and 25 cc. of dry pyridine. Puri- 
fication was effected by crystallizing from p 3 n:idine. These derivatives are 
insoluble in the ordinary organic solvents; and although they are slightly 
soluble in hot acetic acid they do not crystallize well from this solvent . 





















144 


HENRY GILMAN AND GROVER M. EORD 


TABLE 18. Sym.'OiocylbentUines 


Compound 

Melting 

point 

Mixed m.p. 
with next higher 
deriv. examined 

AnaL pen 
Calcd. 

centage N 
Found 

Pctg. 

yield 

Dilauroylbenzidine 

248" 

238-240" 

5.10 

5.28 

84 

Dimsrristoylbenzidine 

241-242" 

230-233" 

4.63 

4.80 

83 

Dipalmitoylbenzidine 

233" 

226-228" 

4 24 

4.40 

77 

Distearoylbenzidine 

232" 


3.91 

4.00 

93 


N-Stearoyl~2-stearoylcarhazole 




\r 


-/\ 


COCitHsb 


COCitHss 2- 


stearoylcarbazole^- was prepared from carbazole, stearoyl chloride and 
aluminum chloride in nitrobenzene. The yield was 60^/ and the compound 
melted at 103-105® after crystallization from alcohol. Then, 0.01 mole of 
2-stearoylcarbazole and O.Ol mole of stearoyl chloride was heated at 
150-200® until hydrogen chloride was no longer evolved. Crystallizations 
from acetone and then from ethyl acetate gave 2.5 g. of compoimd melting 
at 86-87®. 

Anal Calcd. for C48H770,N: N, 2.03. Found: N, 2.25 and 2.30. 

When a Friedel-Crafts reaction was carried out between 0.01 mole of 
N-stearoylcarbazole, 0.02 mole of stearoyl chloride and 0.02 mole of 
aluminum chloride in 40 cc. of nitrobenzene, there resulted a 45*^? yield of 
2,8-distearoylcarbazole which was identified by the method of mixed 
melting points. Hydrolysis of N-stearoyl-2-stearoylcarbazole by refluxing 
with alcoholic-hydrochloric acid for 4 hours yielded 2-stearoylcarbazole 
and stearic acid. 

Under corresponding conditions there was no evidence of significant 
rearrangement of l-stearoylaminonaphthalene^\ Cm H7 N H C O C17 H^r,. 
That is, the N-acyl group in naphthalene did not rearrange to the C-acyl 
group as was the case with carbazole, instead most of the 1-stearoylamino- 
naphthalene was recovered. Of course, we may not be dealing here with 
a true rearrangement but rather with a cleavage followed by acylation. 


DISCUSSION OF RESULTS 

Potentially there is a possibility of having a staggering number of 
acid derivatives. Actually there are very many acid derivatives in a 
broad sense, because the carboxyl group in acids has lent itself to the 
preparation of many derivatives which crystallize well and have sharp 
melting points. However, only scattered studies have been carried out 
on a series of acids with a selected reactant with a view to obtaining a 
broadly useful derivative. Limitation of space precludes a full account of 
such studies. Some of the more extensive and also more recent investiga- 
tions have been made by Reid, Kelly, Drake, De’Conno, Robertson, 
McEnvain, Ralston, Brauns, Cerezo, Tucker, Donleavy, Pollard and their 
co-workers. 


*De*Conno, Gazz, chiih, ttal., 47, 1, 93 (1917) [C.A., 12, 1172 (1918)]. 
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Among the derivatives which have been examined ippre systematic- 
ally are the p-nitrobenzyl esters’®; substituted and unsubstituted phenacyl 
esters’^; substituted amides’^; imidazoles’ substituted hydrazides^®; 
S-benzyl thiouronium salts'*’; piperazides-^; and monoureides*'*^ 

Some specific comments on the series of derivatives now reported by 
us follow. The N-acylcarbazole derivatives appear to be the most satis- 
factory for identifying lauric, myristic, palmitic and stearic acids. These 
derivatives require a relatively short time to prepare and give good yields 
of an easily purified crystalline product. They show a difference in melt- 
ing points of adjacent members of from 3-5^, and a depression of mixed 
melting points of from 4-8°. 

The N-acyl-p-toluenesulfonamides are quite stable. These derivatives 
show an even larger depression in mixed melting points than the carbazole 
derivatives, varying from 8 to 11°. They crystallize well from alcohol 
or acetone, and only two or three crystallizations are necessary for 
purification. 

The 2 >-phenylphenacyl esters have proven satisfactory derivatives for 
a large number of acids’^. They have one decided advantage in that they 
are prepared from the sodium salt of the acid. The derivatives of lauric, 
myristic, palmitic and stearic acids are colorless crystals. 

The phenothiazine derivatives are similar to the carbazole derivatives, 
however, they are not so satisfactory. The do crystallize well, but are 
somewhat lower melting and show a smaller depression in mixed melting 
points than the corresponding carbazole derivatives. 

The N-acyl-2-nitro-p-toluidine derivatives are much better deriva- 
tives than a large number of those which are listed in the literature. 
However, they show a smaller difference in melting points between suc- 
cessive compounds than some derivatives which are described in this 
report. 

The saccharin derivatives are quite stable, and they are readily pre- 
pared from the sodium salt of saccharin and the acid chloride in some 
inert solvent, such as chloroform or benzene. 

In this study, the 2,4-dinitrophenylhydrazides are the most easily 
prepared derivatives in terms of time consumed. These derivatives are 

“ Reid and co-workers, J. Am. Chem. Soc., 39, 124, 701, 1727 (1917) ; Kelly and 
Segura, ibid., 56, 2497 (1934) ; Blicke and Smith, ibid., 51, 1947 (1929). 

' Reid and co-workers; ibid., 41, 75 (1919); 42, 1043 (1920); 43, 629 (1921); 52, 818 
(1930); 54, 2101 (1932); Kelly and Kleff, ibid., 54, 4444 (1932); Drake and Bronitsky, 
ibid , 52, 3715 (1930) ; Drake and Sweeney, ibid., 54, 2059 (1932) ; Wrede and Rathaas, 
Ber., 67B, 739 (1934). 

"De’Conno (Ref. 15): Robertson, J. Chcm. Soc., 115, 1210 (1919); Kuhen and 
McElvain, J. Am. Chem. Soc., 53, 1173 (1931); D’Alelio and Reid, ibid., 59, 109, 111 
(1937); Carr6 and Libermann, Bull. soc. chim., 53, 293 (1933); Hardy, J. Chem. Soc., 
398 (1^6) ; Tucker, J. Am. Chem. Soc., 57, 1989 (1935) ; Birosal and Huang, see CA. 
27, 5728 (1933) ; Escher, Helv. Chim. Acta, 12, 27 (1929) ; Kimura and Hihayashi, Ber., 
68B,2028 (1935). 

'•Pool, Harwood and Ralston, J. Am. Chem. Soc., 59, 178 (1937). 

^Brauns, ibid., 42, 1478 (1920); Vesely and Haas, Chem. Listy, 21, 351 (1927); 
[C.A., 22, 58 (1928)]; Cerezo and Olay, Anales soc. espan. fis. quim., 32, 1090 (1934). 

*' Donleavy, J. Am. Chem. Soc., 58, 1004 (1936) . 

"PoUard and co-workers, ibid., 56, 150, 1759 (1934). 

^Stendal, Compt. rend., 196, 1810 (1933); Jacobson, J. Am. Chem. Soc., 58, 1984 
(1936). 
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easily crystallized and give well*-defined yellow needles. Only one or two 
crystallizations are necessary to obtain a pure product. The one disad* 
vantage to these derivatives is that the melting points do not exhibit as 
wide a range as desired. However, this is somewhat obviated by the use of 
mixed melting points. Even though the stearoyl and palmitoyl derivatives 
show only 2^ difference in melting points there is a lowering of 8^ in mixed 
melting points. 

The p-xenylamides have high melting points, relatively speaking, but 
exhibit a very small difference in melting points between adjacent mem- 
bers. This disadvantage is not overcome by mixed melting points. 

The monoketones and diketones (prepared by attacldng one or two 
acyl groups to carbon) are not very satisfactory derivatives. They are 
more difficult to prepare than most of the previously mentioned deriva- 
tives and do not form well-defined crystalline compounds. This is e^d- 
ally true of the diketones which are non-crystalline and are very difficult 
to purify. However, these disadvantages would not be so great provided 
the compounds showed a wide range in melting points and a large depres- 
sion in mixed melting points. Unfortvinately, this is not the case. 

The ureides and thioureides have well-defined physical properties 
which make purification and analysis most convenient. These compounds 
are easily prepared m good yields but have the disadvantage that they 
show very little variation in melting points. Mixed melting point deter- 
minations do not remove this difficulty. 

The mercury and lead salts have the disadvantage of being relatively 
inaccessible. More particularly they show no exceptional properties as 
derivatives, in fact they are much less satisfactory than several derivatives 
previously mentioned in this study. 

The N-acylanthranilic acid derivatives have excellent properties in 
so far as meltmg points are concerned. However, they are difficult to pre- 
pare and purify; a large number of crystallizations are necessary for puri- 
fication. The lower members were oils. 

Considering the ease of preparation and purification as well as the 
range in melting points and depression of mixed melting points, the ten 
best series of derivatives in this study may be listed in the following order 
of decreasing importance; (1) the N-acylcarbazole derivatives; (2) the 
N-acyl-p-toluenesulfonamides; (3) the i>phenylphenacyl esters; (4) the 
N-acylphenothiazine derivatives; (5) the N-acyl-2-nitro-i)-toluidine de- 
rivatives; (6) the N-acylsaccharin derivatives; (7) the 2,4-dinitrophenyl- 
hydrazides; (8) the p-nitroanilides; (9) the phenylmercuric salts; (10) 
the p-xenylamides. 

The results of the present study assist in making available several 
useful types of derivatives, and there are occasions when complete char- 
acterization warrants the preparation of more than one derivative. It is, of 
c6urse, not certain that some of the new types now described can be used 
for derivativizing satisfactorily other lower or higher acids, normal or 
branched. 

Acknowledgments, The authors are grateful to Dr. A. W. Ralston for 
helpful suggestions as well as for liberal supplies of stearic acid. Thanks 
are also due Miles R. McCorkle for assistance. 
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SUMMARY 

Several derivatives useful for the characterization of lauric, myristic, 
palmitic and stearic acids have been described. 




STUDIES ON THE FAT OF CHEDDAR CHEESE' 
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Studies on flavor development in dieddar cheese have included pri- 
marily changes in the proteins. The formation and accumulation of 
various compounds through breakdown of the casein complexes often 
have been considered responsible for the typical ‘‘cheddar” flavor. 
Changes in the fat have been investigated relatively little. 

The fats of cheeses other than Cheddar have received some attention. 
Orla-Jensen (5) studied hydrolysis of the fats in various cheeses and 
related the products formed to certain cheese flavors. Windisch (7) noted 
changes in the fats of four cheeses made in Germany and suggested that 
enz 3 rmes produced by certain bacteria hydrolyzed the fats with formation 
of free fatty acids; a portion of these acids disappeared with continued 
ripening of the cheeses. Currie (2) associated the typical flavor of roque- 
fort cheese with formation of certain fatty acids and their salts from the 
fat. Lane and Hammer (4) found progressive increases in the'acid num- 
bers of the fat of blue (roquefort type) cheese as the cheese ripened. In 
recovering certain flavor constituents from cheddar cheese by distillation, 
Suzuki, Hastings and Hart (6) suggested the possibility of fat hydrolysis 
accounting for the relatively large amounts of fatty acids obtained. 

In experiments with cheddar cheese at the Iowa Agricultural Experi- 
ment Station, fat and serum from ripened cheese often were recovered 
by pressure (3) . After these materials had been separated and filtered, 
they were examined frequently for taste and aroma. With ripened cheese, 
both the fat and the serum had a flavor suggestive of the original product. 
The fat regularly was distinctly cheesy; the serum likewise suggested 
cheese (3) although it also was comparable in flavor to certain protein 
decomposition products. Since it appeared that flavor constituents of 
cheddar cheese are contained in th^ fat, additional studies on the fat 
seemed desirable. 

ACID NUMBERS OF CHEDDAR CHEESE FAT 

Fat was recovered from cheese by pressure (3) , a mixture of 400 gm. 
of finely divided cheese and 600 gm. of very fine sand commonly being 
used, and was separated from the accompanying serum in a separatory 
funnel and then filtered through paper. Tlie acids in the fat were titrated 
with the alcoholic potassium hydroxide method suggested by Breazeale 
and Bird (1) . For comparison, fat was recovered from butter by melting 
the butter and filtering the fat through paper and from blue cheese by the 
method used with ch^dar cheese. Table 1 presents acid numbers of fats 
from 20 samples of cheddar cheese, 5 of normal, sweet cream butter, 5 of 
rancid butter, and 5 of blue cheese; the values are recorded as milliliters 
of 0.1 N. potassivim hvdroxide required to neutralize 10 gm. of fat. 

The acid numbers of fats from dieddar cheese were definitely highel^ 
than those of fats from normal, sweet cream butter and approached those 

^Journal Paper J-601 of the Iowa Agricultiiral Experiment Staticm, Ames, Iowa, 
Project No, 385. 
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TABUS 1. Acid numbers of faU from cheddar cheese and other dairy products 





Approximate 

Acid no. as ml. 

Sample 

Source of 

Milk or 

age of 

0.1N.KOHper 

no. 

product 

cream tised 

product 

10 gm. fat 


Cheddar cheese 


1 

Wisconsin 

Raw 

Well aged 

2.15 

2 

Wisconsin 

Raw 

Well aged 

2.65 

3 

Wisconsin 

Raw 

18 mo. 

2.6 

4 

Wisconsin 

Raw 

19 mo. 

2.15 

5 

Canada 

Raw 

19 mo. 

SJi 

6 

Wisconsin 

Raw 

Well aged 

2.6 

7 

New York 

Raw 

Well aged 

5.9 

8 

Wisconsin 

Raw 

Well aged 

3.2 

9 

Wisconsin 

Raw 

24 mo. 

3.6 

10 

Wisconsin 

Raw 

7 mo. 

1.8 

11 

Wisconsm 

Raw 

24 mo. 

3.2 

12 

New York 

Raw 

36 mo. 

96 

13 

Iowa 

Raw 

8 mo. 

24 

14 

Iowa 

Past 

6 mo. 

17 

15 

Iowa 

Past 

8 mo. 

15 

16 

Iowa 

Past 

14 mo. 

1.75 

17 

Iowa 

Past. 

14 mo. 

15 

18 

New Zealand 


48 mo. 

44 

19 

Iowa 

Past. 

22 mo. 

19 


Washmgton 

Past. 

24 mo. 

2.3 


Normal, sweet cream butter 


1 

Iowa 

Past 

Ida. 

04 

2 

Iowa 

Past 

Ida. 

05 

3 

Iowa 

Past. 

2 da. 

045 

4 

Iowa 

Past. 

2 da. 

055 

5 

Iowa 

Past. 

2 da. 

05 


Rancid butter* 


1 

Iowa 

Past. 

10 da. 

25 

2 

Iowa 

Past 

10 da. 

235 

3 

Iowa 

Past. 

10 da. 

40 

4 

Iowa 

Past 

10 da. 

9.7 

5 

Iowa 

Past. 

10 da. 

7.9 


Blue (roquefort type) cheese 


1 

Wisconsin 

Raw 

12 mo. 

22.0 

2 

Iowa 

Raw** 

5 mo. 

25.5 

3 

Iowa 

Past.** 

5 mo. 

160 

4 

Denmark 


13 mo. 

27.0 

5 

France 


14 mo. 

23.2 


* Made from pasteurized^ sweet cream inoculated with lipolytic organisms. 
*♦ homogenized. 
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of fats from butter that was definitely rancid. They were^very low com- 
pared to values on fats from blue cheese since this type requires extensive 
fat hydrolysis by the mold for development of the characteristic flavor. 
The acid numbers of fats from raw milk cheese were usually higher than 
those of fats from pasteurized milk cheese. In general, the results suggest 
a change in the acid number of fat of dbieddar cheese during ripening, 
whether raw or pasteurized milk is employed. 

CHANGES IN ACID NUMBER OF FAT AND IN VOLATILE ACIDITY OF 
CHEDDAR CHEESE DURING RIPENING 

Changes in acid number of the fat and in volatile acidity of cheddar 
cheese during ripening were studied with six lots of cheese. For each lot, 
510 pounds of milk, testing about 3.8 per cent fat, was thoroughly mixed 
and divided into two equal portions; one portion was pasteurized at 62.8°C. 
for 30 minutes. The two portions of milk were made into longhorns with 
the methods followed in earlier studies (3) . After 2, 90 and 200 days of 
ripening, the acid numbers of the fats and the volatile acidities were 
determined on each type of cheese. The method used for the volatile 
acidities consisted of distilling with steam a mixture of 400 gm. of cheese 
and 100 ml. IN. sulfuric acid and titrating the first liter of distillate with 
O.IN. sodium hydroxide; the results are expressed as milliliters of the 
alkali required. With only 1 liter of distillate not all the volatile acids are 
recovered so that the values are useful primarily for comparative pur- 
poses. The acid numbers and volatile acidities, together with data on the 
cheese flavors, are presented in table 2. 

The acid numbers of fats from fresh cheese (2 days old) were rela- 
tively high compared to the values on fats from sweet cream butter 
(table 1). As ripening progressed the values increased, whether the 
cheese was from raw or pasteurized milk. The acid numbers of fats from 


TABLE 2. Changes in acid number of fat and volatile acidity of cheddar cheese during 

ripening 


Sample 

no. 

Milk 

used 

Add no. as ml. O.IN. 
KOHperl0gm.fat 

Total vol acidity as 
ml 0.1N. NaOH per 

400 gm. cheese 

Flavor of cheese 
after 200 days 

2 days 

90 days 

200 days 

2 days 
18.4 

90 days 

200 days 

1-1 

Raw 

1.2 

1.8 

2.4 

38.7 

36.4 

V* good, sharp 

1-2 

Past. 

1.0 

1.2 

1.45 

10^ 

16.0 

22.2 _ 

Good, mild 

2-1 

Raw 

1.3 

1.6 

2.2 

15.3“ 

40.1 

35.2 

V. good, sharp 

2-2 

Past. 

1.0 

1.1 

1.3 

9.5 

„ 14.3_ 

_23.8 

Good, mild 

3-1 

Raw 

1.25 

1.6 



32.5 

31.0 

V. good, sharp 

3-2 

Past 

0.9 

1.1 

1.15 

112 

16.5 

_23.5 _ 

Good, sl.f laddng 

4-1 

^la^ 

1.0 


2.25“ 

12.0 

39.8 

37.1 

Sharp, si. bitter 

4-2 

Past. 

0.75 

0.9 

1.1 

2io.o^ 

15.2_ 

33.6 _ 

Good, si. lacking 

5-1 

Raw 

1.0 


2.45 

“”1278“ 

~ii2r 

“28.'5 

Sharp, sL bitter 

5-2 

Past. 

0.^ 

0.85 

1.05 

12.7 

25.3 

_JS2_ 

SI. sour, sL lacking 

~6:i~ 

Raw 

1.05 

1.5 

2.35 

““12,7"“ 

321 

“"^.7 

V. sharp, si. ferm.t 

6-2 

Past. 

0^85^ 

1.0 

1.15 

9.0 

16.0 

21.3 

Sl.sour, si lacking 


* V = very. f sL = slightly. t ferm. = fermented. 
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raw milk cheese were slightly hi^er when the cheese was fresh and also 
showed greater increases than those of fats from pasteurized milk cheese 
so that at the end of the ripening the former were rou^ly twice the latter. 
The volatile acidities of raw milk cheese were regularly higher than those 
of pasteurized milk cheese. In five trials the values for raw milk cheese 
increased up to 90 days and then decreased, althou^ in most instances the 
decrease was small, while in the remaining trial the value increased during 
the entire ripening, with only a small increase from 90 to 200 days. With 
pasteurized milk cheese the values regularly increased as the ripening 
progressed. In general, the fiavors of all Ae cheese were considered 
satisfactory after 200 days, regardless of whether raw or pasteurized milk 
was employed. Raw milk cheese regularly had considerable of the '^sharp” 
flavor typical of aged cheddar cheese, whereas pasteurized milk cheese 
developed comparatively little of the “sharp” flavor and usually lacked 
flavor. 

DISTILLATION OF FLAVORING MATERIALS FROM CHEDDAR CHEESE 

Attempts were made to obtain flavoring materials from cheddar 
cheese by distillation with steam. Twenty samples, 14 from raw milk and 
6 from pasteurized milk, were used. They included cheese of various ages 
made in Iowa, New York, Washington and Wisconsin. With each sample 
400 gm. of finely divided (^eese was acidified with 50 ml. IN. sulfuric acid 
in a flask, and the mixture distilled with steam until 1 liter of distillate was 
obtained. This was practically saturated with sodium chloride, about 100 
ml. of ethyl ether added, and the mixture shaken occasionally during 
about 24 hours. The ether layer was removed with a separatory funnel 
and anhydrous sodium sulfate added. After shaking occasionally during 
48 hours the ether was filtered and allowed to evaporate slowly from a 
narrow-neck flask at room temperature; the flask was then stoppered. 

A small amount (usually a few drops) of a brown, oily liquid was left 
in each flask. The residues varied considerably in aroma but all were 
described as cheesy, even by persons unfamiliar with the source. The 
aromas suggested some of the higher volatile fatty acids, althou^ certain 
of the residues apparently contained other aroma materials. Larger 
amounts of residue were obtained from raw milk cheese than from 
pasteurized milk cheese, and the aromas of the former were the more 
suggestive of aged cheese. 

To verify the presence of acids in the residues, neutral ethyl alcohol 
was added to several, the mixtures boiled, and then titrated with O.IN. 
sodium hvdroxide, using phenolphthalem. One residue required 16 2 ml. 
of the alkali to neutralize it while others required from 3.8 to 9.6 ml. Al- 
though these values are relatively small, not all the volatile acid was 
distilled from the cheese and there undoubtedly was a loss during the 
recovery with ether. Very little of the higher volatile fatty acids would 
be required to influence the flavor of a product like cheese. 

DISTILLATION OF FLAVORING MATERIALS FROM CHEDDAR CHEESE FAT 

Attempts were made to distill flavoring materials from cheddar cheese 
fat. About 150 gm of fat was pressed from each of three well-aged cheese, 
and each lot was distilled with steam until 500 ml. of distillate was col- 
lected. The distillates Had cheesy aromas. The residue recovered by ex- 
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tracting a distillate with ether was similar to those obtained previously 
from cheese. The aroma definitely suggested cheese and higher volatile 
fatty acids appeared to be involved. 

DISTRIBUTION OF FATTY ACIDS IN BUTTER FAT AND IN SODIUM CHLORIDE 

SOLUTION 

Since fat of cheddar cheese appeared to contain small amounts of 
higher volatile fatty acids, the solubility of fatty acids in fat was studied. 
About 0.2 ml. of a fatty acid was added to a mixtxire of 20 ml. of melted 
fresh butterfat and 20 nd. of 4 per cent sodium chloride solution in a flask, 
salt solution being used rather than water to make conditions more com- 
parable to cheese. The mixture was shaken until the fat solidified and then 
held (well stoppered) 7 days at about 7.2^C. The fat was melted on a 
water bath, the fat and salt solution separated, each filtered throu^ paper, 
and then 10 ml. of each was titrated with O.IN. alkali; for the fat the usual 
procedure (1) was followed. Table 3 gives the amounts and percentages 
of acids retained in the fat and in the salt solution with each of 8 fatty acids. 

The data show that, as would be expected, the solubility of fatty acids 
in butter fat increased as the molecular weights of the acids increased, 
whereas in the salt solution the reverse was true. In additional trials the 
fatty acids were mixed with the fat before adding salt solution, or mixed 
with salt solution before adding fat; the data obtained were similar to 
those given in table 3. In general, it appears that higher volatile fatty 
acids would be largely in the cheese fat rather than in the serum. 

DISCUSSION 

The cheesy flavor in the fat of aged cheddar cheese suggests that a 
change in this constituent may be important from the standpoint of flavor 
development in the cheese, and the relatively high acid number of the fat 
and the increase in the acid number during ripening indicate the im- 
portance of acid in this connection. Althou^ acids produced from the 

TABLE 3. Distribution of fatty acids in butter fat and in 4 per cent sodium chloride 

solution 

About 0.2 ml. of a fatty acid was added to 20 ml. melted butter fat and 20 mL 4 per 
cent NaCl solution. The mixture was shaken and held 7 days at 7.2*" C. The fat and 
NaCl solution were separated, filtered and 10 ml. of each titrated. 



Ml. O.IN. alkali required to neut. 

Percentage acid retained in 

Fatty acid added 

10 ml. fat 

10 mlllaCl sol. 

Fat 

NaClsoL 

Acetic 

l.O* 

26.6* 

2 

98 

Propionic 

2.5* 

11.9* 

14 

86 

Butyric 

5.4* 

7.0* 

41 

59 

Caproic 

9.8* 

0.9* 

91 

9 

Caprylic 

9.1* 

01* 

99 

1 

Capric 

62* 

0.05* 

>99 

<1 

Laurie 

5.6* 

0.05* 

>99 

<1 

Mjrristic 

2.0* 

0.05* 

>99 

<1 

Control 

0.5 

0.05 

.... 

... 


* Control subtracted from these values before calculating percentages. 
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non-fatty constituents of cheese mi^t be dissolved by the fat, most of 
such acids apparently have a relatively low solubility in fat, and a more 
logical source of the acids present in the fat appears to be fat hydrolysis; 
this could yield various fatty acids that are readily soluble in fat. Un- 
doubtedly, the volatile acids from fat have more effect on the flavor of 
dheese than the non-volatile. Because of its conspicuous odor, butyric 
acid would be expected to be prominent among the products of fat 
hydrolysis. This was not the case on the basis of the odor of cheese fat or 
of material distilled from cheese, but there remains the possibility of 
butyric acid being rapidly changed to other compunds through the action 
of organisms. 

Hydrolysis of fat in cheddar cheese could be brought about by micro- 
organisms or milk lipase. Although lipolytic organisms are not numerous 
in plates poured wilii cheese in the usual way, some factor involved in 
their grov^ may prevent development on plates. Since lipase is regularly 
present in milk its action would be expected, unless prevented by acid, 
salt, pasteurization of the milk, etc. 

The relatively rapid increase in the acid number of fat in raw milk 
cheese during ripening, compared with that of fat in pasteurized milk 
cheese, may explain the differences in ripening qualities of the two types. 

CONCLUSIONS 

1. In aged cheddar cheese considerable flavor suggestive of ripened 
cheese was contained in the fat. 

2. The acid numbers of fats from aged cheddar cheese were higher 
than those of fats from normal, sweet cream butter and approached those 
of fats from butter that was definitely rancid They were low compared to 
values on fats from blue (roquefort type) cheese. 

3. Acid numbers of fats from fresh (2 days) cheddar cheese were 
relatively high compared to those of fats from sweet cream butter and 
increased with ripening. The values for raw milk cheese were higher 
when the cheese was fresh and increased more rapidly than those for 
pasteurized milk cheese. 

4. Volatile acidities of raw milk cheddar cheese were regularly 
higher than those of pasteurized milk cheese during the 200 days of ripen- 
ing; the values for the former usually decreased slightly after 90 days 
while those for the latter continued to increase. 

5. In general, the flavors of cheddar cheese from both raw and 
pasteurized milk were satisfactory after 200 days ripening. Raw milk 
cheese had considerable tjrpical flavor, whereas pasteurized milk cheese 
usually was somewhat lacking in flavor. 

6. When samples of aged cheddar cheese were distilled with steam 
and the distillates extracted with ether, oily residues were obtained which 
had “cheesy” aromas. The aromas suggested some of the higher volatile 
fatty acids, althou^ certain of the residues apparently contained other 
aroma materials. Larger amounts of residue were obtained from raw 
milk cheese than from pasteurized milk cheese and the odors of the former 
were the more sugge^ive of aged cheese. Comparable residues were 
obtained from fat of aged cheddar cheese. 

7. Hie solubility of fatty acids in butter fat, as would be expected, 
increased as the molecular Weights of the acids increased, whereas in 4 per 
cent sodium chloride solution Sie reverse was true. 
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The work of Brewer et al. (1938) has shown the marked effect of 
pressure on fermentation processes occurring in butter cultures. Aeration 
imder pressures of 15 to 60 pounds per square inch induced a marked 
increase in the formation of diacetyl. In the following work the dis- 
similation of glucose by organisms of the genus Aerobacter has been 
studied under pressure to determine whether atmospheric oxygen imder 
pressure may compete with hydrogen acceptors formed by the dissimila- 
tion and thus materially alter the normal course of fermentation e^cially 
with respect to the formation and reduction of acetylmethylcarbinol. The 
experimental work was conducted with the same equipment used by 
Brewer et al. 

EXPERIMENTAL 

Experiments were conducted at 30° C. in 500 ml. Erlenmeyer flasks 
provided with inlet and outlet tubes and containing 300 ml. of the foUow- 
ing medium: 2.0 per cent glucose, 0.3 per cent (NH 4 ) 2 S 04 and 0.1 M 
diphosphate buffer. Since initiation of growth is slow under pressure the 
inoculum for each flask consisted of about 4 grams of cell paste obtained 
by centrifuging a 24-hour broth culture of A. indologenes (23B). One 
flask had 0.5 per cent acetic acid added to the glucose medium to permit 
observation of the effect of pressure-aeration on the conversion of acetic 
acid to neutral compounds (Reynolds and Werkman, 1937; Mickelson 
and Werkman, 1938). Air carried into the medium was washed free of 
carbon dioxide by passing through soda-lime towers. Gases were collected 
in a train placed outside the pressure tanks. 

Hydrogen was determined gravimetrically by combustion over 
heated copper oxide. Cai'bon dioxide was collected in Bowen potash 
bulbs in a suitable drying train. Residual carbon dioxide was determined 
gravimetrically by acidifying to congro red and refluxing an aliquot part 
of the liquor in a stream of carbon dioxide-free air. 

Acetylmethylcarbinol was determined by the iodoform method as 
applied by Langlykke and Peterson (1937 ) . However, it was found that 
acetylmeAylcarbinol was quantitatively recovered in six voliunes by 
steam distillation. The reaction was carried out in an ice bath to avoid 
interference by ethyl alcohol which is present in the actylmethylcarbinol 
distillate. 

2,3-Butylene glycol was determined according to Brockmann and 
Werkman (1933) . 4 

Ethyl alcohol was determined according to Stahly, Osbum and 
Werkman (1934) on the neutral volatile fraction. An aliquot part of 
the fermentation was made acid to congo red to prevent foaming and 
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sugar breakdown and directly distilled to one-half volume. The dis- 
tilbte was then made alkaline to phenolphthalein and distilled again to 
one-half volume. The alcohol was determined on this distillate. A cor- 
rection was applied for the acetylmethylcarbinol present in the sample. 

The two residues of the above procedure were combined, acidified to 
Congo red, and steam distilled to remove volatile acids, y/hen acetyl- 
methylcarbinol was present, the distillate was made alkaline to phenol- 
phth^ein, evaporated to a small volume, and steam distilled from the 
alkaline solution imtil six volumes were collected. This procedure re- 
moves acetylmethylcarbinol which interferes with the determination of 
formic acid. The residue was then acidified and redistilled. Formic acid 
was determined according to Auerbach and Zeglin (1922) and subtracted 
from the total acidity to obtain the acetic acid. 

DISCUSSION 

The results in table 1 indicate that aeration increases the yields of 
carbon dioxide and acetylmethylcarbinol but decreases the ethyl alcohol. 
The acetylmethylcarbinol plus butylene glycol is not affected by simple 
aeration or aeration xmder pressure for accompanying the increase in 
acetylmethylcarbinol there is a decrease in 2,3-butylene glycJol. Acetic 
acid, which is reduced by A, indologenes (Reynolds, Jacobsson and Work- 
man, 1936) accompanied by an increase in four-carbon neutral com- 
pounds, undergoes similar reduction when the dissimilations are aerated 
under pressure. Apparently atmospheric oxygen under pressure is unable 
to compete with acetic acid as a hydrogen acceptor in this case and thus 
prevent its reduction to 2,3-butylene glycol. 

Although the yield of gaseous hydrogen is considerable at atmospheric 
pressure a marked diminution occurs under pressure-aeration; the yield 
of ethyl alcohol is also reduced in the pressure-aerated fermentations. 
The carbon which ordinarily would be found as ethyl alcohol is recovered 
as carbon dioxide and acetic acid. 

The variation of hydrogen and alcohol is of interest. Since the alcohol 
is formed by reduction, a decrease must be accompanied by an increase in 
some other reduced product or hydrogen. At atmospheric pressure 
(dissimilation B) the decrease in alcohol is accompanied by a considerable 
yield of gaseous hydrogen. Under the conditions the reduction of acetalde- 
hyde to ethyl alcohol was prevented and yet the hydrogen thus not used, 
was not oxidized to water. When aerated imder a pressure of three atmos- 
pheres (fermentation C) some of this excess hydrogen is oxidized and in 
fermentation D where acetic acid was added the yield of hydrogen is 
completely suppressed. 

Kluyver and Donker (1925) diowed that yeast and lactic acid 
bacteria form acetylmethylcarbinol from glucose when methylene blue 
or sulphur is added as a hydrogen acceptor. Presumably, the hydrogen 
acceptor prevents the reduction by yeast of intermediate acetaldehyde, 
which then condenses to form the carbinol. Oxygen in our aerated fer- 
mentations did not produce such an effect. On the contrary the decrease 
in ethyl alcohol is accompanied by increases in carbon dioxide and acetic* 
acid. It is strange that products such as acetylmethylcarbinol and 2,3- 
butylene glycol, whose formation requires a reduction, should be formed 
in such constant yields in spite of a rather high oxygen tension. Ihe 
results reported here have been repeatedly verified. 
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The increase in acetylmethylcarbinol in the aeration experiments 
occurs at the expense of 2,3-butylene glycol* Whether this is due to an 
inhibition of the reduction of acetylmethylcarbinol or to an oxidation of 
the glycol is not known. Walpole (1911) has shown that the formation of 
acetylmethylcarbinol from glucose by A. aerogenes is stimulated by the 
presence of oxygen and that similar conditions cause an oxidation of 
2,3-butylene glycol to acetylmethylcarbinol. Workman (1930) found 
2,3-butylene glycol, when used as a sole source of carbon by t^cies of 
Aerobacter, to be converted to acetylmethylcarbinol. 

The fact that the reduction in yield of alcohol is not accompanied by 
an increase in acetylmethylcarbinol may be evidence against the aldehyde 
condensation conception of formation of acetylmethylcarbinol. There is 
no convincing evidence that Aerobacter forms this compotmd by a con- 
densation of acetaldehyde. 

CONCLUSIONS 

Aeration and especially aeration under pressure causes increases in 
acetylmethylcarbinol but the yield of acetylmethylcarbinol plus 2,3-buty- 
lene glycol is equal to that of an anaerobic fermentation. 

Tbe yield of ethyl alcohol is diminished with a corresponding increase 
in carbon dioxide and acetic acid. 

Added acetic acid is reduced in spite of the increased oxygen pressure. 
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Enonnoiis quantities of cornstalks, cereal straws, and other fibrous 
wastes are produced annually. Fermentation of these raw materials has 
been suggested as a possible preliminary treatment in the preparation of 
pulp. UtUizable gases, such as methane and carbon dioxide, can be pro- 
duced also as by-products. The following investigation is concerned with 
the effect of preliminary fermentation on the constituents of cornstalks. 

Acharya (1), employing soil infusion as inoculum, determined the 
rate of decomposition of the various plant constituents and studied some 
of the products formed when rice straw was fermented in glass jars or 
other tightly sealed containers from which air had been almost completely 
exhausted. He reported 30° to 35“ C. and pH 7.5 to 7.8 as optimum condi- 
tions. Hemicelluloses and cellulose were readily decomposed but lignin 
was more resistant. The rates of decomposition were rather slow, the 
usual fermentation period being six months. 

Tenney and Waksman (12) , using garden soil extract as an inoculum, 
studied the decomposition of several materials, including cornstalks. 
Glazed jars were used and anaerobic conditions were obtained by cover- 
ing the fermenting materials with water. Over relatively long periods of 
time (about 500 days) , the pentosans (hemicelluloses) and cellulose were 
attacked to a considerable extent but lignin was more resistant 

Buswell and Boruff (3, 4, 5) studied the production of methane and 
carbon dioxide from several waste materials including cornstalks. They 
used the overflow liquor from a sewage disposal plant as an inoculum and 
developed a tank for this type of anaerobic fermentation. Wastes were fed 
into the tank daily and the residues remaining after fermentation were 
analyzed. The gas produced was measured and analyzed. They suggested 
that the residues might be used in the manufacture of pulp or paper. All 
the principal constituents of the stalks were broken down by this fermen- 
tation, cellulose showing the hi^^est percentage loss. 

In the work just discussed, either the rates of decomposition were 
studied over long periods, as exemplified by Acharya’s and Waksman’s 
reports, or only the final products of break-down at the termination of 
the experiments were ascertained, as shown in Buswell’s studies. The 
long fermentation periods employed would not be feasible for production 
of residues for pulping because of the excessive break-down of cellulose 
and the hi^ initial cost of the necessary equipment. 

Information concerning the rate of gas production and. break-down of 
comstallcs over short period of fermentation is meager. To obtain such 
information, which is necessary in the development of a fermentation«. 
pulping procedure, a series of anaerobic studies on cornstalks was made. 

' Hiis laboratory established at Ames, Iowa, by the Bureau of Chemistry and Soils, 
United States Department of Agriculture, in cooperation with the Iowa State College. 
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EXFERIMSNTAL 

13ie test materials were diopped cornstalks and cornstalk flour. The 
chopped cornstalks were prepared by means of a silage idiredder and 
hand-picked pieces one-fourth to one inch in length (including leaves, 
pith, nodes, and outer ^ell) were selected. The cornstalk flour was pre- 
pared by wet-grinding the stalks in a rod mill and drying. Most of this 
flour passed a 200-me^ sieve. 

The seed or inoculum was prepared from sewage sludge as previously 
described by the authors (7) and passed throu^ a screen (circular open- 
ing 1 mm. in diameter) and all solids remaining on the screen were dis- 
carded. The ammonia-nitrogen content was determined and di-am- 
monium phosphate and ammonium carbonate were added to give a con- 
centration of 500 to 800 p.p.m. of ammonia nitrogen. 

The desired quantities of seed and test material were placed in two- 
quart mason jars fitted with three-hole rubber stoppers. A glass tube 
(12 mm.) was inserted through one of the holes in die stopper and ex- 
tended to a point near the bottom of the jar. This tube was used for the 
removal of samples for pH determinations. A similar tube was used for 
the addition of chemicals when necessary. A 7-mm. glass tube, which was 
inserted into the other hole of the stopper to a point just beneath its bottom 
surface, served as an outlet for the gas produced. This gas tube was con- 
nected to a water seal in order to maintain anaerobic conditions. The gas 
volume was measured as previously described (7) . 

The fermentation mixture was prepared by placing 1000 cc. of seed 
into a mason jar and adding 25 grams of cornstalk material and 500 cc. of 
tap water. The stopper was then ti^tly inserted and secured by a mason 
jar screw cap (center portion cut out) . The gas evolution tube was con- 
nected to a water seal and the mixture incubated at 28° to 30° C. Samples 
thus prepared were fermented for periods of 3, 5, 10, 20, and 30 days. 

A daily record was made of ihe gas produced and the pH was fre- 
quently checked. The gas was analyzed for carbon dioxide, hydrogen, and 
methane by means of a modified Orsat apparatus (6) . 

At the end of the specified period the sample was removed and the 
total volume measured. A 200 cc. portion was removed for “sanitary” 
analysis, and the remainder evaporated to a dry state on a steam hot plate. 
The dried residue was ground to pass a 30-mesh screen and analyzed. 

The “sanitary” analysis of the 200 cc. portion consisted of the follow- 
ing determinations: total solids, “volatile solids” (loss on ignition) , ash, 
specific gravity, ammonia nitrogen, and Kjeldahl nitrogen according to 
the methods outlined in “Standard Methods for the Examination of Water 
and Sewage” (10) . 

The dried residue was analyzed for moisture, total solids, volatile 
solids, and ash; the pentosans were determined by the A. O. A. C. method 
(2) ; the cellulose by the Norman and Jenkins’ method (8) ; and lignin 
(on unextracted material) by the Peterson, Walde, and Hixon modifica- 
tion of Bray’s method (9) . 

The study may conveniently be divided into the following three 
phases: 

1. Anaerobic decomposition of chopped and of groimd cornstalks 
submerged in an active methane-producing seed. 
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2. The effect of screening and washing on the residues from anaerobic 
fermentation of diopped cornstalks. 

3. Anaerobic decomposition of chopped and of ground cornstalks 
submerged in water. 


RESULTS AND DISCUSSION 

1. Anaerobic decomposition of chopped and of ground cornstalks sub- 
merged in an active methane-producing seed. 

The cumulative amounts of gas produced from the cornstalk flour 
and the chopped cornstalk series are shown in Table I atrd in Figure 1. 
Gas was produced more rapidly from the cornstalk flour than from the 
chopped stalks; flie respective amoimts, per gram of volatile solids added, 



Figure 1. Gas Production from Cornstalks Submerged in an Active Methane Produc- 
ing Seed at 28“ -30" C. 


were 115 and 41 cc. after 3 days, 213 and 74 cc. after 5 days, 374 and 188 cc. 
after 10 days, 507 and 316 cc. ^ter 20 days, and 565 and 395 cc. after 30 days 
of fermentation. The average composition of the gas produced from the 
cornstalk flour was carbon dioxide 33.7 per cent, hydrogen 5.6 per cent, 
methane 58.9 per cent, and that from the chopped cornstalks, carbon di- 
oxide 35.2 per cent, hydrogen 7.1 per cent, and methane 54.8 per cent. 

Decomposition of the principal constituents is shown in Table II for 
the comstaUc flour and in Table III for the chopped cornstalks, and graphi- 
cally in Figure 2. The percentage decomposition has been <^culated on 
two different bases: (a) by attributing the loss entirely to' the cornstalk 
material added and (b) by distributing the losses between the seed and 
the material added. The graphs were plotted from the latter figures be- 
cause of the hi^ lignin content of the seed and rather low lignin content 
of the stalks. Any experimental error attributed only to the stalks in 
this instance would be unduly magnified. 


Table I. Gas Production from Cornstalks* at 28 


164 


G. H. NELSON, HOBEHT STRAECA, AITO MAX LEVINB 



* Corrected to 760 mm. pressure and 60° F. 

* Cornstalk flour mixture— average gas compositicm— COi 33 7%, Ha 5.6%, CH4 58.9%. 

• Chopped cornstalk mixture— average gas composition— CO_ 35.2%, H2 7.1%, CH4 54.8% 

♦ Cumulative. 



Table 11 Decomposition of and Gas Production from Cornstalk Flour at 28 

Materials Added 1 
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Table IlL Decoii]po8itia!i& and Gas Produc^tkin f r om €3io|qped Comsldlks at 28*-^** d 
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The cellulose in the cornstalk flour was decomposed^ more rapidly 
than that in the chopped stalks. Respective amotmts of cellulose decom- 
position in the flour and chopped stalks were 9 and 7 per cent in 3 days, 
63 and 43 per cent in 5 days, 85 and 37 per cent in 10 days, 89 and 36 per 
cent in 20 days, and 94 and 45 per cent in 30 days. 



Figure 2 Break-down of Cornstalk Flour and Chopped Cornstalks Submerged in an 
Active Methane Producmg Seed at 28® -30® C 

In Figure 3 the decomposition of cellulose and of the pentosans as- 
sociated with the cellulose is shown. In the cornstalk flour the decomposi- 
tion of the pentosans associated with the cellulose lagged behind that of 
the cellulose for the first 10 days of fermentation, but, thereafter, the re- 
maining cellulose was resistant to decomposition, whereas the pentosans 
associated with cellulose continued to be decomposed. In the case of the 
chopped cornstalks the pentosans associated with the cellulose were de- 
composed more rapidly than the cellulose itself, especially in the later 
stages of fermentation. 

The break-down of the pentosans in the cornstalk flour and in the 
chopped stalks is shown in Tables II and III and in Figure 2. The pento- 
sans in the cornstalk flour were fermented more rapidly than those in the 
chopped stalks, the respective amounts of decomposition being 23 and 3 
per cent in 3 days, 58 and 14 per cent in 5 days, 59 and 30 per cent in 10 
days, 72 and 45 per cent in 20 days, and 79 and 59 per cent in 30 days. In 
the cornstalk flour series, with the exception of the first 3 days, there was 
a greater percentage loss of cellulose than of pentosans throu^out the 
30-day fermentation period. In the chopped cornstalk series however the 
percentage loss of cellulose was greater flian that of the pentosans during^ 
the first 14 days, after which time the pentosan loss was greater. However, 
the total break-down of both cellulose and pentosans was much less in the 
chopped cornstalks than in the cornstalk flour. 

The decomposition of lignin is also shown in Tables II and III and 
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Figure 2. In the cornstalk flour series there was no decomposition of the 
lignin during the first 22 days, after which time there was a gradual loss 
whidi total^ 8 per cent by the thirtieth day. In Ihe chopped stalk series, 
however, lignin decompose during the entire period of fermentation and 
showed a total loss of 22 per cent by the thirtieth day. This break-down 
of lignin is in contrast to the break-down of the pentosans and cellulose. 



Figure 3 Decomposition of Cellulose and Pentosans Associated with Cellulose in 
Cornstalks submerged m an Active Methane Producing Seed at 28**-30*' C. 


which disappeared more rapidly in the cornstalk flour. The reason for this 
behavior has not been ascertained. 

Boruff and Buswell (5) have calculated the theoretical gas yields 
obtainable from various plant constituents and were able to confirm the 
results experimentally. Using their theoretical values, a series of calcula- 
tions, based on the loss of pentosans and cellulose (Tables II and III) , was 
made and is presented in Table IV. In the cornstalk flour series, the ratio 
of gas produced to the theoretical value calculated from the pentosans 
and cellulose lost was 1.09: 1.0 for the 3-day fermentation period, 0.59: 1,0 
for the 5-day, 0.85: 1.0 for the 10-day, 1.05: 1.0 for the 20-day, and 1.07: 1.0 
for the 30-day fermentation period. 

Although the loss of pentosans and cellulose is great enough to ac- 
count for most of the gas produced during the 3-day period, tiie high re- 
covery may be due to gas production from constituents other than pento- 
sans and cellulose and that gas production from the two latter lags behind 
initial breakdown owing to the production of intermediates. 

In the 5-day period the quantities of cellulose and pentosans broken 
down were far in excess*of those accounted for by the gas produced. This 
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indicates that these two constituents decomposed faster than they were 
converted into gas. In the 10»day period &eir conversion to gas still 
lagged behind, but to a lesser degree. 

In the 20-, and 30-day periods all the pentosans and cellulose broken 
down were gasified, thus accoimting for practically all of the gas produced. 
The small amoimt of additional gas is attributed to the decomposition of 
volatile matter other than cellulose and pentosans. 

In view of these data it is doubtful whether the volume of gas pro- 
duced should be used as a direct measure of the break-down of cellulose 
and pentoans, except possibly at the beginning and completion of the 
fermentation. 

In the diopped cornstalk series the ratio of gas produced to the 
theoretical value calculated from the pentosans and cellulose lost was 
1.17: 1.0 for the 3-day fermentation pe.riod, 0.51: 1.0 for the 5-day, 0.96:1.0 
for the 10-day, 1.34: 1.0 for the 20- and 30-day fermentation periods. 

Assuming that all the pentosans and cellulose which disappeared 
were converted into gas, such gasification would account for 83 per cent 
of the gas produced during the first three days of digestion, the remaining 
17 per cent being attributed to other decomposable materials. After 
the 5-day period, however, the volume of gas produced is not ad^uate to 
account for the decrease in pentosan and cellulose content. This indicates 
that these two constituents were decomposed faster than they were being 
converted into gas. In the 10-day period the gas produced accounted for 
all but 4 per cent of the cellulose and pentosans decomposed. In the 20- 
and 30-day periods the pentosans and cellulose decomposed accounted for 
only 66 per cent of the gas produced. Volatile matter other than cellulose 
and pentosans produced the remaining 34 per cent. 

It is noted (Table IV) that in the cornstalk flour series greater 
amounts of x>entosans and cellulose were decomposed than in the chopped 
cornstalk series. This is attributed to difference in particle size, as pointed 
out in a previous article (7) . 

It will also be noted (Table IV) that most of the gas produced in the 
cornstalk flour series is accounted for by the pentosan and cellulose 
decomposition whereas the amount of gas produced in the chopped corn- 
stalk series is greater than that resulting from such decomposition. The 
reason for this behavior is not known. It is suggested that the difference 
in the size of the particles^ may affect not only the rate but also the nature 
of the decomposition. 

The results of the decomposition in the seed controls are presented 
in Table VI. Very little gas was produced and the decomposition of the 
various constituents was very slow. 

Although no actual experimental work was done, the fermentation of 
cornstalk flour, using an active seed, may have possibilities of being useful 
for composting. 

2. The e'ffect of screening and washing on the residues from the anaerobic 
fermentation of chopped cornstalks. 

In this study a series of samples of chopped cornstalks was prepared ^ 
and incubated at 28° to 30° C. at the same time and in the same manner 
as the chopped cornstalk series described in the previous section. This 
series was an exact duplicate of the previous series, the only difference 
being that in the first series the entire sample, seed and residue, was 
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Table IV. A Comparison of the Total Gas Produced and of the Amounts Accounted for (by calculaticm) from the Cellulose and the 

Pentosans Decomposed 

Chopped Cornstalks* 

Ratio Gas as 
Measured: to 

Theoretical 
Yield Calcu- 
lated fitan 
Pentosans and 
Cellulose 
DeconqMsed 

1 

§ 

§ 

t-i 

o 

§ 

% 

O 

% 

§ 

n 

Gas in cc. 

Hieoretical 
Yield Calcu- 
lated from 
Pentosans and 
CeUulose 
Decomposed 

u 

3418 

4578 

5519 

6905 

As 

Meas- 

ured 

965 

1745 

4385 

7385 

9230 

Loss in Grams 

Cellu- 

lose 

S3 

O 

s 

CM 

319 

CO 

410 

(£3 

035 

I 114 

227 



Cornstalk Flour* 'j 

Ratio Gas as 
Measured : to 

I 

Theoretical 
Yield Calcu- 
lated frcrni 
Pentosans and . 
Cellulose 
Decomposed J 

1093:1000 ' 

tH 

§ 

O 

i 

i 

o 

i 

tH 

1068:1000 

1 

Gas in cc. 

Theoretical 
Yield Calcu- 
lated from 
Pentosans and 
Cellulose 
Decomposed 

2346 

8136 

9918 

91801 

11848 

As 

Meas- 

ured 

2565 

4775 

8385 

11380 

12655 

Loss in Grams 

Cellu- 

lose 

0.74 


6.86 

723 

7.76 

|i 


8 


5.85 

t6 

Time 

3 days 

5 days . 

1 

•9 

s 

20 days 

30 days | 


25 grams of material- 
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evaporated to di^ess and analyzed, whereas in this seriei the seed was 
screened off (using a 1-mm. round-hole screen) from the chopped stalks 
and the stalk material washed three times witib a total of one liter of dis- 
tilled water. The washed stalk matrial was then dried on a steam hot 
plate, ground to 30 mesh, and analyzed. 

The percentage losses of the various constituents in the stalk-seed 
mixture and in the washed and screened stalk material is shown in Tables 
III and V respectively, and graphically in Figure 4. It should be pointed 
out that in the mixture the losses recorded are actual biological decom- 
positions, since the entire mass was analyzed, while in the screened and 


Table V. Effect of Screening and V7a^iing the Chopped Cornstalk Residue* 



Initial 

Chopped 


After 

Incubating 


Corn- 

stalks 

Three 
Days 1 

Five 

Days 

Ten 

Days 

Twenty 

Days 

ITiirty 

Days 

Constituent*! 

Total solids 

24.15 

19.84 

16.80 

14.90 

12.47 

1054 

Present 

Volatile solids 

22.35 

19.24 

16.50 i 

14.63 

12.11 

10.18 

in 

Pentosans 

6.50 

5.88 

504 

4.43 

3.74 

2.92 

Grams 

Cellulose (corrected) 

8.43 

7.8^ 

6.94 1 

6.30 1 

4.39 

3.68 


Lignin 

4.49 

~~4.10 i 

3.75 1 

1 3.53 { 

3.19 

2.92 

Percentage 

Total solids 


22.00 

30.45 

1 38.30 

48.75 

56.40 

Decrease 

Volatile solids 


1393 

26.20 

34.60 

45.80 

54.45 

in 

Pentosans 


9.53 

22.45 

31.80 

42.50 

55.10 

Constituents 

Cellulose (corrected) 


7.22 

17.65 

25.25 

47.90 

56.35 


Lignin 


8.70 

16.45 

21.35 

28.90 

34.95 


♦ Fermented at 28“ -30® C. 


washed stalk material part of the losses are not true decompositions but 
are due to the method of preparing the sample. In this study a procedure 
was followed that might be applicable in the fermentation of cornstalks 
for pulp production. 

During the first 17 days of fermentation the cellulose loss in the 
stalk-seed mixture was greater than that in the screened and washed 
series after which time it was greater in the latter. It was expected that fine 
particles of cellulose would be liberated from the chopped cornstalks and 
accumulate in the mixture and subsequently be lost in the screened and 
washed samples. This anticipated me^anical loss did not become mani- 
fest until the later stages of the digestion. 

During the first 16 days the pentosans disappeared somewhat more 
rapidly from the screened and washed samples than from the seed-mixture 
samples, after which time there was a somewhat greater loss in the latter 
samples. 

Throughout the fermentation period (30 days) the lignin losses in 
the screen^ and washed samples were greater than in the seed-mixture 
samples. Lignin is not as readily decomposed by micro-organisms as are 



172 G. H. NELSON, ROBERT STRAXA, AND MAX LEVINS 


Table VI. Decomposition and Gas Production of Seed Control at 28^-30^ C. 



Seed 

After Incubating 

at 

Start 

Three 

Days* 

Five 

Days* 

Ten 

Days 

Twenty 

Days* 

Thirty 

Days 

Constituents 

Present 

in 

Grams 

Total solids 

31.49 


31.35 



29.43 

Volatile solids 



21.05 



19.90 

Pentosans 


■Kfni 

3.05 

1 2.91 1 


2.94 

Cellulose 

4.28 





4.01 

Lignin 

9.89 

WEM 


\ 

9.43 

9.42 

Percentage 

Decrease 

in 

Constituents 

Total solids 


1 0.28 

TH 


3.94 

6.54 

Volatile solids 



0.99 

1 1 

4.75 

6.40 

Pentosans 


4.30 1 

6.44 


10.41 

9.82 

Cellulose 



1.87 

KIR 

4.44 


Lignin 


1.80 1 

2.91 

5.41 


5.61 

Gas Pro- 
duced in cc. 
at 760 mm- 
and 60" F. 

Total 



90 

180 

315 

360 

Gas per gram 
volatile solids 
lost 


563 

428 

750 

312 

265 


* Hie initial, 10>day and 30-day values were plotted and the values for the 3-, 5-, 
and 20-day periods determined from the graph. 


the other cornstalk constituents. In the process of fermentation of the 
cellulose and pentosans, lignin particles are probably released and ac- 
cumulate in the mixture and are subsequently lost in the process of 
screening and washing the fermented stalks. Ibis fact must be kept in 
mind in studies on the fermentation of lignin by micro-organisms to pre- 
vent drawing erroneous conclusions. 

The losses of the principal constituents of the fermented cornstalks 
by screening and washing are briefly summarized as follows: 
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In the fermentation of the cellulose and the pentosan^ lignin is prob- 
ably separated from the stalks and accumulates as small particles in the 
liquid. 

Screening and washing removes this lignin thus giving a loss that is 
not entirely caused by microbial decomposition. 

During the first 16 days of fermentation the pentosans were removed 
from the stalks more rapidly than they were being decomposed into gas 
and consequently accumulated in the liquid portion of the batch. Screen- 
ing and washing removed a large portion of the accumulated pentosans. 
During the remaining 14 days of fermentation tihe pentosans were being 
decomposed and converted into gas at about the same rate. 

During the first 16 days of fermentation the cellulose was gasified as 
rapidly as it was decomposed. During the next 14 days the cellulose was 
decomposed more rapidly than it was being gasified, thus accumxilating in 
the liquid portion of the batch. Screening and waging removed a large 
portion of the accumulated cellulose, thus giving a loss that was not en- 
tirely due to microbial action. 

Pulping the residue from a fermentation lasting longer than 2 weeks 
would not be feasible because of the large cellulose losses resulting from 
screening and washing. 

3. Anaerobic decomposition of chopped and of ground cornstalks sub- 
merged in water. 

Some reports have appeared in the literature on the production of 
pulp from cornstalks by fermentation and by a combination of fermenta- 
tion and chemical treatment, using the microbial flora present on the 
stalks. Sweeney and Arnold (11) reported the production of a ^‘superior 
pulp” and a saving in chemicals by the use of a fermentation and chemical 
treatment. The fermentation was obtauicd by means of the flora present 
on the cornstalks. 

Acharya (1) showed that, by the addition of nitrogen salts to rice 
straw, the organisms originally present on the straw were capable of 
fermenting this material with the production of gas, but that the develop- 
ment of acid conditions prevented extensive fermentation. 

In the present study a series of samples of cornstalk flour and chopped 
cornstalks was prepared as follows: 2^gram portions of the cornstalk ma- 
terial and 1500 cc. of tap water were placed in two-quart mason jars, and 
the jars were closed, sealed, and connected to water seals as in the 
previous studies. The samples were incubated at 28° to 30° C. for 5-, 10-, 
and 30-day periods. 

Duplicate samples were prepared and used to measure, daily, the 
volumes of gas produced and also for pH determinations. These results 
are shown in Table VII. Very little gas was produced (360 cc. from the 
cornstalk flour and 175 cc. from the chopped stalks after 30 days of incuba- 
tion). The initial pH, 6.2 to 6.3 in both series, decreased during the fer- 
mentation period, reaching pH 4.6 after 30 days. 

The decomposition of the various constituents is shown in Table VlII 
for the cornstalk flour and in Table IX for the chopped cornstalks, and 
graphically in Figure 5. The amount of break-down of the various con-^ 
stituents was rather small in both the flour and stalks. 

The amount of decomposition of cellulose was much hi^er in the 
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Table VJI. Dccomparition <rf Cornstalk Flour Submerged In Wftter a8*-80* C. 



Cornstalk 

Flour 

Used 

After Fermenting 

Five 

Days 

Ten 

Days 

Thirty 

Days 

Conitituenti 

Present 

in 

Grains 


23.66 

2331 

2336 

2219 

Volatile solids 

21.70 


21.66 

2032 

Pentosans 

7.66 

6.86 

635 

537 

Cellulose 

7.93 

7.62 

7.67n 

7.44 

Lignin 

4i»3 

433 

4.85 

4.73 

Percentage 

Decrease 

in 

Constituents 

Total solids 


1.^ 

.42 

6.21 

Volatile solids 


wmsm 

.02 

5.43 



■Eza 


2738 

Cellulose 


■Eiai 

3.28 

6.18 

Ldgnin 

* 


+ 7.06 

+ 4.41 

Gas 

Produced 
in cc. 

at 

760 mm. 
and 60** F. 

Total 


360 

360 

360 

Per »am cornstalk flour 
added 


153 

15.2 

153 

Per gram volatile solids 
in cornstalk flour added 


16.6 

16.6 , 

16.6 

Per gram volatile solids 
lost 


1438.0 

— 

305.0 


+ Plus indicates increases— probably due to formation of nitrogen complexes. 


chopped cornstalks than in the flour althou^ the total break-down in the 
former was only 22 per cent in 30 days of fermentation. 

The pentosan decomposition was a little hi^er in the chopped stalks 
than in the flour during the first 13 days of incubation; after this time it 


Table IX. Decomposition of Chot^>ed Cornstalks Submerged in Water 28 ‘-SO” C. 



Chopped 

After Fermenting 

Cornstalks 

Used 

Five 

Days 

Ten 

Days 

Tiirty 

Days 

Constituents 

Present 

in 

Grams 

Total solids 

24.14 

22.27 

22.39 

20.98 

Volatile solids 

21.32 

19.88 

20.10 

1837 

Pentosans 

6.50 

5.57 

5.83 

536 

Cellulose 

8.43 

7.65 

739 

6.51 

Lignin 

4.49 

4.73 

4.42 

431 

Percentage 

Decrease 

in 

Constituents 

Total solids 


7.75 

7.25 

13.10 

Volatile solids 


675 

5.73 

12.90 

Pentosans 


14.32 

10.31 

17.53 

Cellulose 


935 

9.98 

r 22.78 

Lignin 


+ 535 

0.16 

r +0.45 

Gas 

Produced 
in cc. 
at 

760 mm. 





Total 

^135 

135 

175 

Per gram chopped corn- 
stalks added 

5.6 

3.6 

7.3 

Per gram volatile solids 
in cornstalks added 

6.3 

6.3 

83 

and 60® F. 

Per gram volatile solids 
lost 

93.7 

111.0 

63.7 


+ Plus values indicate incr e as e s p robably due to formatimi of nitrogen crmqplexes. 
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Figure 5. Break-down of Cornstalk Flour and of Chopped Cornstalks Submerged in 
Water at 28"-30" C. 


was higher in the flour, showing a loss of 27 per cent after 30 days of 
fermentation. 

No lignin loss was noted either in the chopped cornstalks or in the 
cornstalk flour. Sli^t increases in lignin were noted at times but these 
differences were within the limits of experimental error. In some cases, 
however, there were increases of 5 per cent or more. In fermentations 
such as studied here lignin-nitrogen complexes are frequently formed 
which would be analyzed as lignin (unpublished data). Similar lignin 
increases have been reported in the literature (11) . 

In this series of experiments the decomposition of the cellulose was 
somewhat greater in the chopped cornstalks than in the cornstalk flour. 
In the fermentations of the cornstalks submerged in a prepared seed, 
previously discussed, the losses were considerably greater in the corn- 
stalk flour than in the chopped stalks. This result would be expected 
with the finer ground cornstalk flour. The behavior in the cornstalk series 
submerged in water might have been due to the manner of preparing the 


Table X. The Effect of Filtering off and of Washing the Cornstalk Flour.* 



Cornstalk 

Flour 

Used 

Ai 

Five 

Days 

fter Fermen 
Ten 
Days 

ting 

Thirty 

Days 

Constituents 

Present 

in 

Grams 

Total solids 

23.66 

21.67 

21.30 

1975 

Volatile solids 

21.70 

21.03 

20.65 j 

19.20 

Pentosans 

7.66 

6.38 

6.17 1 

5.43 

Cellulose 

7.93 

7.45 

7.72 1 

7.44 

Lignin 

4.53 

4.63 

4.78 1 

r 4.48 

Percentage 

Decrease 

in 

Constituents 

Total Solids 


841 

■■EEai 


Volatile solids 


3.09 

4.84 

11.52 

Pentosans 


16.70 

19.45 

29.10 

Cellulose 


6.05 

2.63 

6.18 

Lignin 


+ 2.20 

+ 5.57 

1.10 


* Submerged in water and fermented at 28*'-30^C. 

+ Plus values indicate increases — ^probably due to formation of nitrogen c(Hnplexes. 
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Table XI. Effect of Screening and Washing the Chopped Cornstalks.^ 



Chopped 

1 After Fermenting 

Cornstalks 

Used 

Five 

Days 

Ten 

Days 

Tlurty 

Days 

Constituents 

Total solids 

24.14 

1816 

17.81 

1556 

Present 

Volatile solids 


17.37 

17.16 

15.28 

in 

Pentosans 


526 

512 

4.66 

Grams 

Cellulose 

8.43 



6.22 


Lignin 

4.49 

4.03 

3.78 

3.72 

Precentage 

Total solids 


24.77 

2622 1 

3450 

Decrease 

Volatile solids 


1854 


^.32 

in 

Pentosans 


19.08 

21.25 1 

2850 

Constituents 

Cellulose 


1558 

16.48 

2620 


Lignin 


10.26 

1552 

17.i7 


^ Submerged in water and fermented at 28° -SO** C. 


cornstalk flour and the chopped cornstalks. However, further investiga- 
tion is needed for ascertaining the reasons for this behavior. 

The effect on the losses of the various constituents in the cornstalk 
flour resulting from filtering off the liquid and wcdhing (filtering and 
washing done at the end of fermentation period) is shown in Table X and 
graphically in Figure 6, Slightly larger losses of pentosans and lignin, 
due to the filtering and washing, are noted; they are slight and of no real 
significance. Little change in the cellulose losses due to the filtering and 
washing were noted. The increased losses of cornstalk flour resulting from 
filtering and washing were probably due to true solution of a portion of 
the constituents, or to a reduction to colloidal size permitting a passage 
throu^ the filter paper, or both. 

The effect on the losses of the various constituents in the chopped 
cornstalks resulting from the screening and washing is shown in Table XI 
and graphically in Figure 7. Increased losses in pentosans, cellulose, and 
lignin due to the screening and wadiing are indicated. These losses were 
probably caused by decrease in size of some of the chopped cornstalk 
particles permitting them to pass through the screen and into the liquid 
portion. 


1 \ 1 r 

INCUBATED AT28«^0X 



^-COANSTALK FLOUR 

-41— ^CORNSTALK FLOUR FILTERED OUT AND WIMO • 





TIME ELAF8E0 IN OATS 


Figure 6. Effect of Filtering and Washing cm the Cornstalk Flour Residue after 
Submerging in Water at 28°-30° C. 
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Figure 7. Effect of Screening and Washing on the Chopped Cornstalk Residue after 
Fermenting Without a Prepared Seed at 28®-30® C. 


Submergence of cornstalks in water up to a period of 30 days at room 
temperature did not disclose any appreciable losses in lignin and pento- 
sans. The decrease in chemicsJs required for pulping cornstalks sub- 
merged in water for various lengths of time (as has been reported in the 
literature) is, tiierefore, probably due to physical rather than to biological 
action. 


SUMMARY AND CONCLUSIONS 

1. In the anaerobic decomposition at 28^ to 30^ C. cornstalk flour was 
fermented more rapidly than topped cornstalks, producing 43 per cent 
more gas in the 30-day period. This gas consisted of 34 to 35 per cent 
carbon dioxide and 55 to 59 per cent methane. The methane could be used 
for the production of heat or power and the carbon dioxide could be re- 
covered for use in the manufacture of dry ice or other products. 

2. In the cornstalk flour series approximately 95 per cent of the 
gas produced could be accounted for by the cellulose and pentosans de- 
composed for the 3-, 20-, and 30-day periods. For the same periods in the 
chopped cornstalk ‘series only 75 per cent of the gas produced could be 
accounted for by the cellulose and pentosans decomposed. 

3. For the 5- and 10-day periods, in both the cornstalk flour series 
and chopped cornstalk series, more cellulose and pentosans were decom- 
posed than could be accounted for by the gas produced. This indicates 
that the rate of gas production cannot be taken as a criterion of the rate 
of break-down of the individual constituents of cornstalks during the 
earlier stages of decomposition. 

4. In the cornstalk flour series the cellulose and pentosan losses were 
considerably greater than in the chopped cornstalk series. In the chopped 
cornstalk series the lignin loss was greater than in the cornstalk flour 
series. 

5. By screening and washing the chopped cornstalk residue after 
fermentation periods of 3, 5, and 10 days, the pentosan losses were 
increased. CeUulose losses, however, were not increased. For the 20- and 
30-day periods the pentosan losses were not increased by screening and 
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washing while the cellulose losses were increased. For«all periods the 
lignin losses were increased by scrolling and washing. 

6. *;^e incubation of cornstalk flour and chopp^ cornstalks, sub- 
merged in water, showed small losses of the principal constituents. This 
procedure offers very little promise for use in pulp manufacture. 

7. The fermratation of chopped cornstalks, using an active seed, 
shows some promise of being adaptable to the manufacture of pulp. 
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NEW SPECIES OF PSYLLIDAE FROM THE WESTERN 
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In working over the North American Psyllidae several species have 
been encountered which herein are described as new. They all occur in 
the western part of the United States, an area in which these insects are 
especially abundant. I am indebted to Mr. P. W. Oman of ttie United 
States National Museum, Dr. R. H. Beamer of the University of Kansas 
and Mr. Joe Schuh of Oregon State College for assistance and the loan of 
material. The disposition of the types is indicated after each description. 

Aphalara cuyama n. sp. 

This extremely small species seems to resemble most the A. 
artemesiae group. Length to tip of folded wing 1.3 mm. 

Color: General color greenish. Wings white with scattered brown 
spots. 

Structure: Vertex with very prominent discal foveae, deeply cleft in 
front. Clypeus large, prominent. Antennae one and one third times as 
long as width of head. 

Genitalia: Caudal lobe of male proctiger not extending beyond for- 
ceps, blunt, ventral hooks small. Forcps large, in lateral view flabellate, 
anterior half of apex excavate; in dorsal aspect both anterior and posterior 
apical margins incurved as hooks, black margined. Female genital 
segment quite small, shorter than remainder of abdomen. 

Holotype, male, allotype, female, 2 male paratypes, Cuyama Ranch, 
California, July 25, 1935, R. H. Beamer, 

Types in Snow Collection, University of Kansas, paratype in author’s 
collection. 


Aphalaroida calif omica n. sp. 

Resembling Aphalaroida inermis but forewings without any glandular 
hairs, more rhoml^idal and with a single brown macula before apex, re- 
mainder yellow or white. Length to tip of folded wings 2.00-2.25 mm. 

Color: General color yellow. Forewings with irregular white areas 
and broad brown macula across apex. 

Structure: Vertex smooth and broad. Antennae one fourth longer 
than width of head. Forewings very broad, flaring, somewhat rhomboidal, 
twice as long as greatest width. 

Genitalia: Very similar to A. pithecolohia, male forceps broader and 
black margined apically. 

Holotype, female, allotype, male, Indio. California, Aue. 5. 1935. R. H. ^ 
Beamer; one female paratype Indio, California, June 29, 1933, R. H. 
Beamer. 

l^pes in Snow Collection, University of Kansas. 
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Calophya oweni n. fifp. 

Resembling Calophya califomica but vertex more rounded, genal 
cones very short and wings rugose and fumate. Length 2 mm. 

Color: Head (except gei^ cones and antennae), thorax including 
legs (except hind tibiae), and proximal 1/7 of forewings fuscous. Re* 
mainder of body yellowish. Forewings with a narrow hyaline area 
proximal of the black portion. 

Structure: Vertex evenly rounded downward in front. Genal cones 
very small, sharp. Forewings rugose and semi-opaque, evenly roimded, 
pterostigma very large. 

Genitalia: Male proctiger almost strai^t-sided in lateral view, not 
enlarged as in other members of the genus. Forceps broad, enlarged 
towa^ apex, notched, anterior portion incurved, black tipped, apex black 
margined. Female genital segment slightly shorter than remainder of 
abdomen, valves about equal in length. 

Holotype, male, allotype, female, 13 male and 9 female paratypes. 
Mesa Verde Park, Colorado, June 30, 1938, L. D. Tuthill, taken on 
Phorodendron juniperinum Engelm. 

This species is named in honor of Mr. Truit L. Owen whose interest 
and assitance made its collection possible. 

Types in author’s collection. Snow Collection, and United States 
National Museum. 


Trioza phorodendrae n. sp. 

Resembling Trioza mexicana Crawf. but vertex roimding more evenly 
into genal cones, yellow in color, female genital segment shorter. Length 
to tip of folded wings 2.5 xnm. 

Color: Uniformly yellow except eves, tip of female genital segment, 
ovipositor and black margins of male forceps. 

Structure: Vertex somewhat rounding. Antennae about as long as 
width of head. Genal cones acute, somewhat divergent, two-thirds as long 
as vertex, pubescent. Forewings somewhat yellowish, nerves yellow. 
Apex of hind tibiae with three inner spines. 

Genitalia: Male proctiger quite broad, anterior margin curved, pos- 
terior margin straight. Forceps in lateral aspect curving forward; “folded” 
so as to appear double in apical half, lateral folds evenly narrowed to 
apices, me^al folds with heavy, black, truncate apices; bearing many 
very heavy medially prelecting setae basally. Female genital segment as 
long as remainder of abdomen, roimding, produced at apex into a brown 
styliform portion, at least tip of oviposlitor protruding. 

Holotvpe, male, allotype, female, 7 male and 17 female parat 3 ^es. 
Mesa Verde Park, Colorado, Jime 30, 1938. L. D. Tuthill. 

Taken on Phorodendron juniperinum Engelm. 

Typ^s and paratvpes in author’s collection. Paratypes in Snow Col- 
lection and United States National Museum. 

Trioza heameri n. sp. 

Resembling Trioza hakeri but larger, genal cones longer and extend- 
ing forward, antennae longer. Length to tip of folded wings 5 mm. 

Color: The specimens at hand are uniformly whitish yellow except 
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the eyes and tips of the antennae. Ihis may be due in part at least to 
fading. 

Structure: Entire body pubescent, least prominently on adbomen. 
Vertex plane with two prominent sulcate depressions. Antennae about 
one and one-third times as long as width of head. Genal cones large, 
extending forward, three-foiuihs as long as vertex. Forewings verv 
large, twice as long as body, acute, almost three times as long as broad, 
first marginal cell larger than second. 

GemtdUa: Male proctiger in lateral aspect broad in basal half, then 
ob^uely tnmcate to apex. Forceps in lateral view almost strai^t to 
apices whidi are produced posteriorly into blunt black teeth; in caudal 
view broadest at base, bowed out, evenly narrowed to apices. Female 
genital segment about as long as remainder of abdomen, valves straight to 
acute apex, dorsal sli^tly longer than ventral; very pubescent. 

Holotype, male, aUotype, female', 4 male and 5 female paratypes, 
San Jacinto Moimtains, Ctdifomia, July 21, 1929, R. H. Beamer. 

This species is named in honor of Dr. R. H. Beamer of the Univernty 
of Kansas, Department of Entomology. 

Holotype, allotype and parat 3 ^s in Snow Collection, University of 
Kansas. Paratypes in author’s collection. 

Trioza forcipvla n. sp. 

Resembles Trioza aylmeriae but smaller, darker, genitalia distinct. 
Length to tip of folded wings, 3.0 mm. 

Color: Dorsum orange-red except center of abdominal tergites, two 
incomplete lines on thorax, discal foveae and medial suture of vertex and 
antennae black. Venter black except tips of genal cones and tibiae. 

Structure: Head wide, almost as wide as thorax. Discal foveae and 
medial suture of vertex prominent. Genal cones two thirds as long as 
vertex. Antennae slightly over one and one-fourth times as long as width 
of head. Forewings a little more than twice as long as wide, rather blimtly 
angled. Hind tibiae with three inner apical spines. 

Genitalia: Proctiger of male with very long, upcurved posterior lobes, 
much as in T. aylmeriae, apical tuft of spines much less prtxninent how- 
ever. Forceps bent forward and also inward, touching most of their 
length, apices deeply notched, anterior tooth larger. Female genital seg- 
ment short, almost globqse in lateral aspect, apices of valves black, 
slightly produced. 

Holotype, male, allotype, female, 4 male and 29 fenude paratypes, 
SlumguUion Pass, Colorado, June 29, 1937, L. D. Tuthill; 16 male and 10 
female paratypes, same data, collected by R. H. Beamer; 2 male and 2 
female paratypes, Pullman, Washington, May. 

Holotype, allotype, and parats^s in author’s collection. Paratypes 
in Snow Collection, University of Kansas, and in United States National 
Museiun. 

Trioza stugma n. sp. 

Resembles T. viridis but has short antennae genal cones are mudi 
sharper and project downwsurd and the forewings sne rounded and have 
a long Rs vein. Length to tip of folded wings 2.5 mm. 

Color: General color green. Eyes, antennae, distal oortions of leg 
segments, etc., U^t fulvous. Forewings sli^tly infuscated. 
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Structure: Head almost as wide as thorax. Vertex with two promin- 
ent foveae, very strongly protruded in front on each side of medial sulcus, 
overhanging the short genal cones, latter one half as long as vertex. 
Antennae one and one-fourth times as long as width of head. Iliorax not 
strongly arched. Forewings roimded at ax>ex, two and one-half times as 
long as wide, venation typical. Hind tibiae with two inner apical spines. 

Genitalia: Male genitalia small. Proctiger ^ort, somewhat produced 
caudally. Forceps very short and broad in lateral aspect, apex rounded 
and bearing a large, medially projecting black pointed tooth. Female 
genital segment short, valves subequal in length, dorsal one straight, 
ventral concave dorsally. 

Holotype, male, allotype, female. Placer County, California, Septem- 
ber, A. Koel^le; 4 male paratypes, same data; one female paratype. 
Strawberry, California, August 8, 19^, L. D. Anderson. 

Holot 3 q)e, allotype and paratypes in United States National Museum. 
Paratypes in Snow Collection, University of Kansas, and in author’s 
collection. 


Trioza occidentalis n. sp. 

This species bears a somewhat superficial resemblance to T. tripunc- 
tata (Phyllopecta) but may readily be distinguished from it bv the lack of 
wing maculation, lack of anteriorly projecting coxal spurs and by the very 
elongate female genitalia. Length to tip of folded wings 4 mm. 

Color: The specimens at hand are golden brown, U^ter ventrally. 

Structure: Head narrower than thorax. Vertex quite plane, raised. 
Antennae not quite twice as long as width of vertex. Genal cones large, 
thick, conical, two-thirds as long as vertex. Thorax very strongly arched, 
praescutum almost projecting over pronotum. Forewings broad, blunt, 
two and one-half times as long as wide; marginal cells small. Hind tibiae 
with two inner apical spines. 

Genitalia: Female genital segment two-thirds as long as remainder of 
abdomen, conical, upcurved. 

Holotype, female, Marin County, California; one female paratype 
Kaslo Creek, British Columbia, A. N. Caudell. The type bears a lal^l 
Corxflus rostrata Ait. and bears the manuscript name, Trioza coryli/^ 

Holotype in United States National Museum, paratype in author’s 
collection. 


Trioza puUa n. sp. 

This species resembles T. maura somewhat but differs from it in hav- 
ing much longer, more slender genal cones, longer antennae (almost 
twice as long as width of vertex) and in the genitalia. Length to tip of 
folded wings 3.5 mm. 

Color: Head, thorax, femora and apical half of antennae fuscous. 
■Remainder of legs and antennae pale. Abdomen green. Wings milky. 
Females lif^iter, vertex and thoracic dorsum fuscotestaceous. 

Structure: Head broad. Vertex quite flat for Trioza. Antennae long, 
almost twice as long as width of vertex. G^nal cones slender, acute, 
sli^tly longer than vertex, projecting do^vnward, straight, not touching 
at all Thoracic dorsum not very strongly arched. Hind tibiae with two 
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inner apical q>ines. Forewings two and one-half times as long as wide. 
Genal cones, legs and genitalia very pubescent. 

Genitalia: Male genitalia small. Proctiger with a long blunt caudal 
lobe. Forceps quite broad at base, sharply narrowed midway then taper- 
ing to truncate apex with a small anterior tooth. Female genital segment 
about <»ie-thiTd as long as remainder of abdomen, dorsal valve rounding 
down to acute black apex, ventral valve shorter. 

Hdlotype, male, Sumner Washington, July 6, 1935, P. W. Oman; one 
male paratype, same data; allotype, female, Vemonia, Oregcm, April 21, 
1936, K. Gray; 5 male and 5 female paratypes, same data. 

Holotype and paratype in United State National Musemn, allotyi>e 
and paratypes in Oregon State College Collection, paratypes in author’s 
collection. 


Trioza mversa n. sp. 

Resembles T. jrontalia but much dgrker in color and male genitalia 
distinct. Length to tip of folded wings 3.0 mm. 

Color: General color of dorsum ferrugineous with a pair of fuscous 
markings on vertex, a pair on scutiun, another pair on scutellum. Venter, 
femora and antennae fuscous, remainder fulvous. Wings hyaline. 

Structure: Head broad, almost as wide as thorax. Antennae one and 
one-third times as long as width of head. Genal cones long, quite sharp, 
projecting downward, four-fifths as long as vertex. Forewings onfy 
sli^tly angulate, almost three times as long as wide. Hind tibiae wift 
three inner apical spines. 

Genitalia: Proctiger with a basal caudal projection, apex very nar- 
row. Forceps in lateral aspect large at base, narrowed to spatulate apices; 
in caudal aspect broad at base, laterally concave to apices, touching most 
of their length. Female genital segment about half as long as remainder 
of abdomen, acute, dorsal valve sli^tly longer than ventral. 

Holotype, male, allotype, fenude, 7 male and 9 female paratypes, 
Slumgullion Pass, Colorado, Jime 29, 1937, L. D. Tuthill; 4 male and cme 
female paratype same locality and dates, R. H. Reamer; one male and one 
female parat}^, Logan Canyon, Utah, May 16, 1934, T. O. Thatcher; 2 
male and one female paratype, ^ar Lake, British Columbia, July 20-29, 
1903, R. P. Currie. 

Holotype, allotype and paratypes in author’s collection. Paratypes 
in Snow Collection, University of Kansas, and in United States National 
Museum. 


Trioza rubra n. sp. 

Length to tip of folded wings 3.75 mm. 

Color: Tbe color varies tluough shades of red to almost black, the 
males being darker in general. The distal parts of the legs lifter. An- 
tennae white except distal third black. 

Structure: Vertex plane, medial sulcus prominent, bulging in front. 
Antennae almost twice as long as width of vertex, baisal portion some- 
what swollen. Genal cones large, divergent, blunt, two-thirds as long as 
vertex Forewings rather bluntly angled, almost three times as long as 
wide. Hind tibiae with two inner apical spines. 
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Genitalia: Male proctiger with two caudally projecting rather dbaip 
lobes, surrounding forceps. Forceps large at base, tapering to long 
slender black-tipped apices, curving forward throu^out their length. 
Female genital segment short, about one-third as long as remainder of 
abdomen, dorsal valve slightly longer than ventral, dorsal valve some- 
what concave, black apically. 

Holotype, female, Cre^e, Colorado, July 9, 1937, L. D. Tuthill; allo- 
type, male, Creede, Colorado, July 12, 1938, L. D. Tuthill. Paratypes as 
foUmvs: 3 females same data as holotype; 4 females, Creede, Colorado, 
July 8, 1937, L. D. Tuthill; 2 females, Creede, Colorado, July 12, 1938, 
L. D. Tuthill; 2 males and 2 females, SUver City, New Mexico, July 22-23, 
1936, R. H. Beamer; one male, Grand Canyon, Arizona, Aug. 11, 1927, R. 
H. Beamer; one male, Sun Pass, Oregon, July 1, 1935, R. H. Beamer; 2 
females. Colorado, C. F. Baker. 

Holotype, allotype and parat 3 rpes in author’s collection. Paratypes in 
Snow Collection, University of Kansas, and United States National 
Museum. 


Psylla phorodendrae n. sp. 

This is a very stout species. Length to tip of folded wings 3 mm. 

Color: Green, forewings olive green. 

Structure: Head very broad, wider than thorax. Antennae about 
twice as long as width of head. Eyes borne on prominent stalk-like area 
of head. Genal cones short, not as long as broad, rather blunt. Thorax 
very broad. Wings twice as long as wide, pterostigma large. 

Genitalia: Male proctiger narrow in lateral aspect, straight. Forceps 
very slender in lateral view, base somewhat enlarged, remainder bent 
forward, apices blunt, postero-apical margins sharp, black margined; in 
caudal aspect bowed out, apices touching, a large mesally projecting, black 
tipped tooth near base. Female genital segment short, about one-half as 
long as remainder of abdomen, dorsal valve elongate hood shaped, ventral 
valve very short with a large median, transparent truncate tooth. 

Holotype, female, allotype, male, 15 female and 6 male parat 3 ^s, 
Huachuca Mountains, Arizona, July 18, 1938, R. H. Beamer; 2 female and 
2 male paratypes, Los Angeles County, California, May, A, Koebele. The 
Arizona specimens were taken on mistletoe on oak, the California speci- 
mens bear the label Phorodendron puhescens, the latter are accompanied 
by several nymphs. 

Holotype, allotype and parat 3 ^es in Snow Collection, University of 
Kansas; parat 3 ^s in United States National Museum and author’s 
collection. 
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The opportunity to observe the spring, 1938, migrating birds in Clay 
and Palo Alto Counties, Iowa, and reference to a list of spring, 1934, bird 
migration for those coimties (Bennett 1938) made possible a comp^ison 
of the migrations of the two seasons. The field data were gathered in the 
“Ruthven area”, which lies on the north-south county line of Clay and 
Palo Alto Counties and in the immediate vicinity of Ruthven, Iowa. That 
area contains a large remnant of potholes, lakes, and marshes which were 
free of ice March 21, 1938. 

The 1938 observations were made from March 20 to Jime 15. 

The census of the birds was made by taking a direct count of small 
numbers to 100 and by estimating the flocks larger than 100 individuals. 
Each day the species and the number of birds observed were recorded. In 
this way the dates of the main flight and the total number of each bird 
species migrating through Clay and Palo Alto Counties in 1938 was de- 
termined. Field glasses were used to spot-check flocks and rafts of birds. 
Each day approximately 30 miles of roads surrounding the important 
water areas were traversed, and observations were made from a motor 
boat with which the writer traveled over the larger bodies of water. Ob- 
servations were made during all periods of the day, especially late in 
evening and early in morning when the birds appear^ to be more active. 
Of those birds i^owing a distinct difference between the male and the 
female, sex ratios were taken. 

The research was under the direction of Dr. George O. Hendrickson, 
Assistant Professor, Wildlife Management, and Thomas G. Scott, As- 
sociate Biologist, United States Bureau of Biological Survey. 

Table 3 presents a comparison of the spring bird migration of 1938 
with the spring migration of 1934 through the Ruthven area. In addition 
to the dates when the first and last migrants were observed and the period 
or date when the main fli^t took place, the approximate numbers of birds 
observed during both seasons are given in tMs table. Many of the birds 
nested in northwest Iowa and are so designated by “nesting” in the 
column for the “Date Last Seen”. Those birds which rarely occur in 
northwest Iowa and probably were not present in the Ruthven area dur- 
ing one of the seasons, are marked “X” in the table; those birds which 
probably were present in both seasons but not recognized are marked 
“XX”. 

The first migrant geese of each species arrived at the Ruthven area is 
1938 on approximately the same dates as they did in 1934. However, the 
main fli^t of the geese through Clay and Palo Alto Coimties was one to 

^Journal Paper No. J-592 of the Iowa Agricultural Bbmriment Station, Axneg 
Iowa. Project 4§S, In cooperation with the American Wildule Institute, the United 
States Biological Survey, and the Iowa State Conservation Commission. 
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two weeks earlier in 1938 than in 1934. The main flight of the Blue Groose 
(Chen caervXescens) during 1934 was on April 15, and in 1938 on March 
31, although this species arrived March 19 and Mai^ 22 in 1934 and 1938, 
respectively. The date that geese were last seen in the Ruthven area did 
not vary more than three or four days for the two years, with the ex- 
ception of one juvenile Blue Goose observed on May 27, 1938, three weeks 
later than the last Blue Goose observed in 1934. This juvenile Blue Goose 
was observed in company with 15 Double-crested Cormorant ("Phala- 
crocorax auritus auritus). The main flight of the White-fronted Goose 
(Anser albifrons alhifrons) and Common Canada Goose (Branta cana- 
densis canadensis) was two and one-half weeks and one week, respective- 
ly, earlier in 1938 than in 1934. 

The total number of geese migrating through Clay and Palto Alto 
Coimties was greater in 1938 than in 1934. However, the number of Com- 
mon Canada Goose and the White-fronted Goose in 1938 increased only 
slightly over the numbers in 1934. The Blue Goose migrating through 
the two counties increased from 30,000 in 1934 to 50,000 in 1938, but the 
Lesser Snow Goose (Chen hyperhorea hyperhorea)^ which traveled in 
close company with the Blue Goose, decreased in numbers in those same 
years. The ratio of the Blue Goose to the Lesser Snow Goose migrating 
together was a little more than three to one. 

During the 1938 spring migration, 13 of the duck species arrived in 
the Ruthven area during the third week of March, and two species during 
the first week of April, whereas, in the 1934 season 10 species arrived dur- 
ing the third week of March and five species during the first week of 
April. The most noticeable difference in migration activities was ob- 
served in the American Pintail (Dafila acuta tzitzihoa). The American 
Pintail arrived March 21 in the Ruthven area in great numbers during 
the 1938 season and were at the height of migration March 21 to April 20, 
as compared with the 1934 main flight which lasted two full months, 
March 20 to May 15. The American Pintail flight was definitely over by 
May 1 in the 1938 season. 

The Blue-winged Teal (Querquedula discors) arrived two and a half 
weeks earlier in the Ruthven area in 1938 than in 1934. Such birds as the 
Lesser Loon (GaviaAmmer elasson), Pied-billed Grebe (Poddymhus podi- 
ceps podiceps), Double-crested Cormorant, American Bittern (Botaurus 
lentiginosus ) , Gadwall ( Chaulelasmus streperus ) , Baldpate ( Mareca 
americana), Buffle-head (Charitonetta alheola), Ruddy Duck (Erisma- 
tura jamaicensis rubida), American Coot (Fulica americana americana), 
Upland Plover (Bartramia longicauda). Black Tern (Chlidonias nigra 
surinamensis). and Yellow-headed Blackbird (Xanthocephalus xantho- 
cephalus)^ arrived in the lake region of Ruthven one to two weeks ahead 
of the first migrants of the same species in 1934. 

The ducks, other than those nesting in Clay and Palo Alto Counties, 
were last seen at a much later date in these counties in 1938 than in 1934. 
The Lesser Scaup Duck (Nyroca affinis) was found nesting in the marshes 
of northwest Iowa in 1938 and remained on the Iske and marshes in 
flocks to 30 in number until June 10, but in 1934 it was not seen after 
April 25. In 1938 the Ring-necked Duck (Nyroca collaris) remained in 
northwest Iowa two weeks, the Bxiffle-head three weeks, the Green- 
winged Teal (NetHon carolinense) and Baldpate four weeks and the Gad- 
wall six weeks, longep than in 1934. 
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The majority of the ducks migrating through Ruthvem increased m 
numbers in the 1938 season over &e 1934 season. Tbose ducks making 
the most noticeable increase in migrating numbers were Redhead (Ny- 
roca americana), Ruddy Duck, Blue-winged Teal, Shoveller (Spatula 
clypeata), Lesser Scaup Duck, and Buffle-head. Approximately 300 per 
cent more Redhead, 200 per cent more Ruddy Duck and Lesser Scaup 
Duck, 400 per cent more Buffle-head, and 66 per cent more Canvas-back 
(Nyroca valisneria) migrated through the Ruthven area in 1938 than 
were reported in 1934. However, about 50 per cent as many American 
Pintail and 66 per cent as many Common Mallard (Anas platyrhynchos 
platyrhynchos) and Gadwall migrated throu^ the Ruthven area diuring 
1938 as in 1934. 

The number of the Double-crested Cormorant migrating through the 
Ruthven area in 1938 was 350 as compared with 24 individuals in 1934. 
Flocks of 15 to 30 Double-crested Cormorant were common sights during 
the last days in May and early Jime of 1938. 

The Greater Prairie Chicken (Tympanuchus cupido americanus) 
wintering in a 1500 acre slough of Clay County numbered 4000 in the 
spring of 1934. A census taken in the spring of 1938 showed three indi- 
viduals in the same slough. 

The American Coot, according to permanent residents familiar with 
the bird, was repoirted March 14, 1938, at Greene’s Slough, Clay County. 
The writer observed numerous American Coot on March 21. In 1934 the 
bird arrived at Ruthven on March 20. The American Coot remained in 
Clay and Palo Alto Counties after the migration season in larger numbers 
than any other migratory waterfowl. The number of American Coot in 
1938 was 66 per cent greater than the number migrating through the 
Ruthven area in 1934. The Florida Gallinule (Gallinula chloropus 
cachinnans), which in numbers were about two per cent of the American 
Coot, arrived April 28, 1938. 

During the 1938 migration season the White Pelican (Pelecanus 
erythrorhynchos), which had been recorded for the Sioux City area but 
not for the Ruthven area (DuMont, 1933) arrived at the Ruthven area on 
April 21 and left about June 10. They numbered approximately 500. 
The White Pelican spent a great deal of time feeding on the slougl^ and 
lakes in the Ruthven area. They were also observed at Lake Okoboji in 
Dickinson County in the spring of 1938. 

The American Egret (Casmerodius alhus egretta) reported in Palo 
Alto County, 1932, (DuMont, 1933) was observed in Clay County August 
8, 1938. 

The shore birds did not appear to be numerous during the migration 
season of 1938 in the Ruthven area. Many of the shore birds reported in 
1934 were not seen in 1938, including such birds as the American Golden 
Plover (Pluvialis dominica dominica), the Black-bellied Plover (Squata- 
rola squatarola), the Marbled Godwit (Limosa fedoa), the Hudronian 
Godwit (Limosa haemastica), and the Avocet (Recurvirostra americana). 
The water levels were much higher in the Ruthven area for the spring 
months of 1938 than they had been for many years previous. These in- 
creased water levels eliminated much of the open shore lines which shore 
birds frequent in their spring migration. 

Of those ducks showing distinct sex markings, sex ratios were taken. 
Flocks were coimted for sex only when the observer could approach 
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close enough for accurate identification. With the exception of one 
q>ecies, the male ducks in the fiocks were in excess of the female ducks 
during the 1938 spring migration throu^ the Ruthven area. Mcllhenny 
(1934) gave sex ratios of the ducks that he banded during 22 consecutive 
years on Avery Island, Louisiana. He found an excess of males in each 
species banded on this wintering ground of the ducks. Fumiss (1935) 
reported the males in excess of the females on the duck breeding groimds 
of Saskatchewan, Canada. Table 1 presents a brief summary of the sex 
ratios of the ducks on the wintering grotmds, on the spring migration 
through northwest Iowa, and on the breeding grounds of Saskatchewan. 


TABLE 1. Sex ratioe of dwks on their wintering ground (Louisiana), spring Migration 
(Iowa), and breeding ground (Saskatchewan) 



Ratios at 
Avery Island, 
Louisiana, 1934 

Ratios at 
Ruthven, 
Iowa, 1938 

Ratios at 
Saskatchewan, 
Canada, 1935 

Species 

Male to Female 

Male to Female 

Male to Female 

Common Mallard (Anas 
pltUyrhynchoe platyrhynchos) . . 


1.0 — 1 

17 - 

- 1 

GadwaU (Chaulelasmus 

Btreperus) 



1.5 — 1 

15 — 1 

Baldpate (Mareca 
americana) 



20 — 1 

14 — 1 

American Pintail 

(Dafila acuta tzitzihoa) 

166 — 1 

30 — 1 

29 — 1 

Green-winged Teal 

(Nettion carolinense) 


2.0 — 1 

1.2 — 1 

Blue- winged Teal 
(Querqu^ula discors) 

42 — 1 

1.5 — 1 

15 — 1 

Shoveller 

(Spatula clypeata) 


20 — 1 

10 — 1 

Redhead 

(Nyroca americana) 


1.5 — 1 

12 — 1 

Ring-necked Duck 

(Nyroca collaris) 

45 — 1 

1.5 — 1 

10 — 1 

Canvas-back 

(Nyroca valtsneria) 

! 

45 — 1 

2.0 — 1 

15 — 1 

Lesser Scaup Duck 

(Nyroca affinia) 

2.5 — 1 

2.0 — 1 

16 — 1 

BuMe-head 

(Charitonetta alheola) 



1.4 — 1 

2.0 — 1 

Ruddy Duck (Eriamatura 
jamaicenaia rubida) 

_ _ 

1.25 — 1 

3.4 - 

- 1 

American Golden-eye ( Glau- 
cionetta clangula americana) . . . 





1.1 — 1 

Averases 

3.47 — 1 

1.74 — 1 

1.64 — 1 


The state of weather at any particular point along the migration 
route has little, if anything, to do with the time of arrival of migratoi^ 
birds, but the weather at various points on the route may affect the activi- 
ties of fine as they pass through these particular spots on their 

journey north by iiffluencing the food supply (Lincoln, 1935) . Table 2 



TABLE 2. Average and departure from the average temperature and ratnfull for the State of Iowa, Clay and Palo Alto Counties for 

1934 and 1938 

(Data for this table taken from Climatological Data of the Iowa Section of the United States Department of Agriculture Weadier 
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TABLE 3. Comparison of the bird migration seasons of 1934 and 1938 in Clay and Palo Alto Counties, Iowa 
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TABLE 3 (Continued) 



TABLE 3. (Continued) 
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§ Birds present all winter — ^first arrivals not evident 


TABLE 3. (Continued) 
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TABLE 3. (Continued) 
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(ChltdonioB nigra surinamensis) j May 12 | Apr. 20 j May 15-20 | May 10 | Nesting | Nesting 
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1 Number Seen 

§ 




§ 






150,000 

500,000 

§ 

1 

S 

000*006 

i 


i 







9 

100,000 

ooo’oos 

000's 

1 

500,000 

Date Last Seen I 

§ 

Nesting 


Nesting 


1 

f 

Nesting 

Nesting 

Nesting 

Nesting 

Nesting 


n 


Nesting 

s 

fH 

Nesting 

Nesting 

: 

. 

• 

• 





Nesting 

Nesting 

Nesting 




Nesting 





Apr. 30 

Apr. 21 

Apr. 15 

Apr. 30 

May 15 

Apr. 15 

Apr. 15 

Apr 7 

Apr. 15 

Apr. 7 

Apr. 7 

i 


* 







: 

* 

Apr. 10-20 

Apr. 13 



i 


Date First Seen 

i 

Mar. 21 

Apr. 18 

Apr. 28 

Apr. 21 

Mar. 24 

Apr. 30 

May 2 

Mar. 30 

Mar. 22 

is 

s 



Mar .21 

Mar. 21 

i 

Mar. 19 

Apr. 5 

-M- 

++ 

++ 

++ 

T 

++ 

Mar. 17 

Apr. 8 

Mar. 19 

Mar. 21 

++ 

Mar. 21 


Species 

Short-eared Owl 
(Asto fiammeu8 ftammeus) 

Blastem Belted Kingfisher 
(Megoceryle alcyon alcyon) . . . 

Bank Swallow 

(Htparia riparia rtparta) 

Northern CM Swallow (Pct- 
rocheUdon tdbifrons albifrons) 

Purple Martin 

(pToane subis subis) 


Northern Bue Jay 
(Ci/anocitta cristoto crtstata) . . 

l! 

■si 

M 

Eastern Bluebird 
(Sialia stalls sialis) 

Yellow-headed Blackbird 

Red-wing 

(Agelaius fjhoeniceus) 

1= 

s 

1 

> 

Brewer’s Blackbird 
(Euphagua cyanocepkalus) 

i 

S3 

o| 

n 


Note: Birds for which the data are incomplete either were not observed or have not been identified. 
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gives a comparison of the temperature and the precipitation with their 
variations from the average for the state of Iowa, and Clay and Palo Alto 
Counties, for the period March — June, in 1934, with that in 1938. The last 
two columns give the temperature difference in degrees Fahrenheit and 
the precipitation difference in inches of rainfall between the two years 
by montMy periods. 

The average temperature for the state and Clay Coimty for March, 
1938, was 9.3 and 7.4 degrees (F.), respectively, above the temperature 
for the same month in 1934 (table 2) . May, 1938, was 10.1 and 13.4 de- 
grees cooler for the state and Clay County, respectively', than for the 
same month in 1934. The precipitation for the months March — ^May, 1938, 
was higher than for the corresponding months in 1934, for Clay and Palo 
Alto Coimties and the entire state. The state as a whole received 9.46 
inches and Clay County 5 inches more rain for the months March— June, 
1938, than for the corresponding months in 1934. 

In general, the four months, March— June, 1938, were imusually wet 
and cool with above normal rainfall for the entire period, while the 1934 
migration season had temperature high above normal and rainfall below 
normal during the entire period. 

A factor which might have had a bearing upon the length of time 
that the migrants remained in the area in 1938, but not upon the date of 
first arrival or the height of the migration, was the greater abimdance of 
water in many of the potholes and other shallow feeding areas of the 
waterfowl. This increase of water probably acted as an incentive to the 
ducks to remain longer in the Ruthven area by offering more food and 
protection. Another factor, probably causing the birds to remain longer 
in the area in 1938, was the abnormally cool weather for the months of 
May and June. The temperature for these same two months of 1934 was 
far above average, and was combined witli a general drought. 

SUMMARY 

1. Spring bird migration into Clay and Palo Alto Counties, Iowa, 
started approximately March 20, 1934 and 1938. 

2. Five of the duck species arrived in the Ruthven area one to two 
weeks earlier in 1938 than in 1934, and the four geese species arrived two 
to 10 days earlier in 1938 than in 1934. 

3. The total number of migrating geese and the number of migrating 
Redhead, Ruddy Duck, Blue-winged Teal, Shoveller, Lesser Scaup Duck, 
and Biiffle-head in 1938 was greater than in 1934, whereas, the number of 
migrating Common Mallard, Gadwall, and American Pintail in 1938 de- 
creased from their 1934 numbers. 

4. The American Egret and the White Pelican, both rare birds in 
northwest Iowa, were observed in the Ruthven area in 1938. 

5. Shore birds were fewer in 1938 than in 1934 for the water levels 
were higher and consequently there were fewer open shore lines for the 
shore birds. 

6. Clay and Palo Alto Counties, March — June, 1938, received more 

rainfall than in die corresponding months, 1934. « 

7. The temperature at the Ruthven area was above average at the 
time of arrival of the first migrants in that area, but cooled off to below 
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normal temperatiu^ in May and June, 1938, whereas, temperatures £ar 
above average were recorded throughout the whole length of tihe migra- 
tion season in 1934. 
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The Cicindelidae, or “tiger beetles,” of Iowa present an attractive and 
interesting group of Coleoptera to the amateur collector or the student of 
ecology, but a challenge to the taxonomist. The collector finds sport in the 
capture of specimens and is pleased by the ease and certainty with which 
they may be preserved in all their beautiful colors. Students of ecolo^ 
have discovered that the plastic nature of color and markings of certain 
Cicindela furnish peculiarly appropriate material for the study of varia- 
tions induced by cUmatic and physical factors. The taxonomist confronted 
with the problem of naming members of this variable group must discard 
pervious conceptions of the “fixity of species” and broaden the classifica- 
tion to include every step of gradation in the transition of one form to 
another. 

The fully established fact that color variation in this genus is so 
extensive that one can scarcely discern at which point parent stocks begin 
and end has made definite conclusions regarding some few species imprac- 
tical or almost impossible. The genitalia characters frequently used to de- 
termine species among other groups are of little value when applied to 
Cicindela. Considerable time was ^ent studying the habits of these 
insects; and the author’s conclusions are based upon observations made 
and data collected. 

The present study is limited to the genera Tetracha and Cicindela, in 
the former genus there has been only one species collected, the latter 
contributing a total of twenty species and nine varieties, including six 
species whose probable occurrence in Iowa is indicated by distribution 
records. 

The number of species of the two genera found in Iowa compares fav- 
orably with published records of Minnesota tiger beetles by Dawson 
(1928) and the Indiana species reported by Montgomery (1930). It is 
difficult in some instances to refrain from including a few additional 
species whose records indicate that the distribution almost of necessity 
must place them within the state. 

A majority of the species are confined to peculiar geological or soil 
formations and consequently their occurrence is limited. The forms that 
are confined to sandy or clay soils must be collected in such special en- 
vironments as provide these soil types. Trips have been made to various 
parts of the state throughout the past two years with special reference to 
these peculiar types of soil in which the forms must be expected to exist. 


' The author is deeply indebted to Dr. H. H. Knight, under wh(^ direction the 
work has been carried on, and without whose counsel and suggestions this problem 
would have been quite impossible; to Dr. Carl J. Drake for encouragment and advice; 
to Professor H. E. Jaques for the splendid cooperation in placing the Iowa Insect 
Survey collection at his complete disposal from which 110 new records were secured; 
and to Professor Myron H. Swenk for permission to study Iowa records and specimens 
m the University of Nebraska collection. 
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All members of the family are entirely predacious, quite aggressive 
in character toward small or defenseless insects, thereby earning die name 
tiger beetle. This inference is highly complimentary because adults 
readily lose their tiger-like attitude if die intended victim exhibits cour- 
ageous resistance. The situations inhabited by both adults and larvae 
render their predations of little economic value but the interest long 
centered upon this group encourages continued study. 

It is hoped that this paper will aid the student to class^ species of 
Cicindelidae collected in Iowa and promote interest in obtaining further 
distribution records. 


fflSTORICAL REVIEW 

The study of the genus Cicindela and its representatives in Iowa has 
been rendered exceedingly difficult because of the inadequate keys and 
many inaccurate determinations found in the collections which the author 
has had an opportunity to examine. The species have been found most 
difficult to separate, and constant study has resulted in innumerable shift- 
ings of material and names. One can immediately infer such a condition 
from the multitude of species and varieties which have been described by 
systematists, and relegated to synon 5 nny or insignificance by workers in 
the last two decades. Horn (1930) verified the inevitable synonymy of a 
large percentage of Casey’s work which had been suspected for some time. 

In the list of Iowa Coleoptera by Wickham (1911) the Cicindela num- 
ber fourteen species and seven varieties. Casey (1909) described C. 
levettei from Iowa material, and (1913) cuprascens subsp. mercurialis 
from one male specimen. Leng (1920) places levettei as a variety of sex- 
guttata Fabr. The author considers levettei as a s 5 monym, and for pur- 
poses of keying, raises tridens Csy. to varietal rank. In the case of 
cuprascens subsp. mercurialis the author agrees with Horn (1930) in 
placing this as a synonym of cuprascens var. macra Lee. Thus the pub- 
lished records of Iowa species other than those published by Wickham 
have been relegated to oblivion. King (1914) published some Cicindelidae 
records for Henry Coimty, but Professor Jaques has not felt free to verify 
these in view of the absence of corroborating evidence. 

Family Cicindelidae 

Key to Genera 

1. Third joint of maxillary palpi elongate, longer than the fourth or 

terminal joint Tetracha 

Third joint of maxillary palpi shorter than, or equal to the fourth 
joint * Cicindela 


Genus TETRACHA Hope 

1838 Hope, The Coleopterist’s Manual, vol. 2, p 6. 

Large metallic green species; third joint of maxillary palpi elongate, 
longer ffian the fourth or terminal joint; appendages usually lighter 
colored than ventral body surface; prothorax broader than long, wider 
anteriorly than the head, glabrous; head large, glabrous, except for a few 
orbital bristles; eyes circular; labrum short. El 5 rtra deeply punctate, sub- 
parallel, slightly convex. 
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Three basal joints of anterior tarsi of male dilated, pubescent beneath. 
Anterior tarsi of female simple. 

Members of this group are nocturnal, hiding by day, hunting at night. 

KEY TO SPECIES 

1. Color dark green or brownish green, elytra without markings; 

appendages dark brown virginica 

Color li^t golden or brassy green, elytra with large, luteous apical 
lunules; appendages testaceous Carolina 

TETRACHA VIRGINICA Linn 

1776 Cicindela virginica Linnaeus, Systema Naturae, ed. 12, vol. 1, p 657. 
1778 Cicindela virginata Linnaeus, Systema Naturae, ed. 13, vol. 1, p 1922. 
1920 Tetracha virginica Leng, Cat. Coleop. Amer., p 40. 

1930 Megacephala (Tetracha) virgtnea Horn, Trans. Amer. Ent. Soc., vol. 
56, p 79. 

Length 17 to 22 mm. Head and thorax dark metallic green; elytra 
dark brownish black with a broad, green, marginal band; antennae, mouth 
parts, legs and caudal abdominal segment ferrugineous. Elytra coarsely 
and deeply pimctate, supporting a few feeble setae; body glabrous below, 
only a few short bristles present on the appendages. Prothorax prominent, 
broader than long, widest at anterior end. Head smooth, narrower than 
the anterior part of the thorax; eyes small and roimd. 

This large, somewhat clumsy appearing beetle is found in southern 
Iowa. Entirely nocturnal in habit, it is seldom collected except at artifical 
lights. During the day it hides under stones and logs in rather open damp 
places usually along the banks of water courses, often frequenting ex- 
tremely muddy places, sometimes hiding in the cracks of sunbaked clay. 
It has been ob^rved on the sidewalks in the cities of Ottumwa and Bur- 
lington leisurely hunting prey in the deeper shadows close to bright 
patches of illumination. 

Apparently the life history is not known. The adults are found 
throu^out July, August and occasionally in early September. 

County records: Appanoose, VIII, 1930 (Ware), VIII, IX, 1930 
(Russell) ; Davis, VII, 1933 (Travis) ; Decatur, VII, 1931 (Loudon) ; Des 
Moines, VIII, 1926 (H. M. Harris), VIII, 1932 (Moore), VII, (Dodds); 
Henry, VI, 1934 (Millspaugh) , July and August, frequent; Jefferson, VII, 
22, 1935; Lee, IX, 1916 (Jaques); Monroe, VIII, 1932 (Barker) , VII, 1933 
(Dodds) ; Scott, LeClaire, (Rolfs) ; Story, Ames (very old labels without 
year date) ; Van Buren, VIII, IX, 1930 (Rambo) ; Wapello, VII, VIII, 1932 
(Moore), VII, 1936 (Eckhoff). 

Genus CICINDELA Linn. 

1758 Linnaeus, Systema Naturae, ed. 10, vol. 1, p 407. 

Third joint of maxillary palpi shorter than, or equal to, the fourth or 
terminal joint. Eyes prominent, oval; form usually slender; elytra convex 
and subparallel at the sides; legs long and slender. Minor structural differ- 
ences such as punctation, pubescence, formation of elytral outline, labium, 
thorax, variance of color and markings present characters useful in separ- 
ating the species. 

The male sex can be distinguished by the three basal joints of 
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anterior tarsi dilated and densely pilose beneath, and the sixth ventral 
segment broadly emarginate. 

Female tarsi are lender; last ventral segment longer, slightly com- 
pressed at sides with a longitudinal impression on the posterior half and 
a stronger elytral emargination in species exhibiting that character. 

A majority of the species live in sunny places, on sandy roads and 
fiends, clay ravines, lake shores, river banks and mud flats. The adults 
are very active; they run or hide with great facility and take wing upon 
slight provocation. 

The larvae occur in the same local habitat as the adult beetles. For the 
most part they dig essentially perpendicular burrows in which they live 
and secure their food by waiting at the mouth of the burrow until some 
unsuspecting insect pedestrian happens by, whereupon it is suddenly 
seized, dragged into the burrow and devoured. The larva is protected by 
the armor on top of the flattened head and thorax. A pair of strong hooks 
situated on the dorsal surface of the fifth abdominal segment enables it to 
maintain a strategic position at the mouth of the burrow without much 
danger of being ignobly dislodged by some large victim. 

KEY TO IOWA CICINDELA 

The key includes species that have been available for examination of 
both Iowa specimens and those collected near the borders of the state. 
Three species with quite variable characters have been keyed out in more 
than one place. The term marking is applied to the impigmented white 
pattern present on the elytra. Complete markings indicate a pattern with 


an entire humeral lunule, marginal band, middle band and entire apical 
lunule (figured in Plate I) . 

1. Humeral angles of elytra distinct, angulate 3 

Elytra narrowed at base, humeral angles rounded 2 

2. Elytra thinly covered with pale, decumbent hairs; legs greenish or 

bronzed celeripes 

Elytra bare; legs testaceous cursitans 

3. Abdomen not red 4 

Abdomen red rufiventris 

4. Thoracic pubescence erect or lacking 5 

Thoracic pubescence decumbent 29 

5. Labrum normal, width at least 2 times the length 7 

Labrum elongate, width less than 2 times the length 6 

6. Body ^arsely pubescent beneath; front with a distinct depression 

or excavation between the eyes longilahris 

Body glabrous beneath; front normal unipunctata 

7. Labrum distinctly tridentate (rarely with only 2 teeth) 8 

« 

Labrum unidentate or not dentate at all 25 
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8. Front bare; orbital bristles scarce, weak 9 

Front pubescent or with strong prominent orbital bristles* 13 

9. Color green, bluish, or violaceous 10 

Color opaque mossy brown unipunctata 

10. Color green, often with bluish or purplish tints 11 

Color deep purple, no greenish tint sexguttata var. violaceae 

11. Body scantily haired or glabrous beneath; elytra without middle 

band 12 

Body hairy beneath; elytra with middle band or more than 8 
dots patruela 

12. Elytra with 6 or 8 distinct spots sexguttata 

Elytra immaculate or with not more than 4 spots 

sexguttata var. tridens 

13. Markings complete, all connected by the marginal Ime 14 

Markings not entirely connected by the marginal line 16 

(rarely confluent in scutellaris var. lecontei which lacks the middle 
ikind) 

14. Length more than 14.5 mm., form robust 15 

Length less than 14.5 mm.; form slender, elytra granulate, not 
punctate; humeral lunule obliquely elongated lengi 

15. Elytra impimctate or with few punctures; thorax cupreous, usually 

bare dor sally. Middle band nearly transverse formosa 

Elytra densely punctate with shallow green or blue punctures, 
middle band deflexed, often hooked at tip formosa var. generosa 

16. Humeral limule complete, obliquely elongated, terminating closer 

to the suture than the margin 17 

Humeral lunule incomplete (shortened), represented by small 
spots or entirely absent 18 

17. Color above brilliant to blackish red; elytra strongly and coarsely 

punctured fvlgida 

Color above greenish brown to very dark browm; elytra moderately 
pimctate with blue punctures tranqueharica 

18. Elytra granulate pimctate or granulate 19 

Elytra impunctate or very feebly punctate; color above cupreous 
red to greenish bronze scutellaris var. lecontei 

19. Head, thorax and elytra of the same color dorsally 20 

Head and thorax blue or green; elytra red or cupreous 24 

* Female scutellaris var lecontei may lack frontal pubescence except for orbital 
bristles. 
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20. Basic color above wine red to cupreous red 21 

Basic color above without any red 23 

21. Middle band transverse at base and sinuately prolonged, or, rarely 

a short transverse bar 22 

Middle band oblique, short purpurea 

22. Middle band long, sinuate; other markings represented by 

dots limhalis 

Middle band short, transverse; other marks indistinct or 
absent limhalis var. transversa 


23. Color above dull greenish; thorax and elytra often tinged cupreous 

or bronze; middle band oblique, short purpurea var. auduhoni 

Color above black purpurea var. nigerrima 

24. Markings reduced to an apical dot, often a short, transverse, 

narrow middle band splendida 

Markings nearly complete; middle band long and sinuate ...» 

splendida var. cyanocephalata 

25. Markings reduced to dots or broken lines 26 

Markings apparently complete 27 

26. Form slender; each elytron with a row of large blue fovae near the 

suture; markings minute or absent punctulata 

Form broad; elytral fovae not in a distinct row; markings broken 
into 12 or 14 dots (rarely only 10) duodecimguttata 

27. Color above brown to greenish brown; marginal line present on 

elytra 28 

Color above brilliant to blackish red; marginal line absent fulgida 

28. Humeral lunule (-shaped; cheek with a few short, stiff hairs... .rcpanda 

Humeral lunule C-shaped with lower hook obliquely extended; 
cheek bare hirticollis 


29. Elytra dark with white markings 30 

Elytra predominantely white lepida 

30. Markings complete; cheek pubescent 31 

Markings absent or minute; color blackish; cheek bare punctulata 

31. Color shining cupreous to green; elytra strongly and coarsely 

punctured, emarginate, forming an acute, prominent subapical 
tooth in the female, apex broa^y rounded, tnmcate; male with 
feeble elytral emargination, apex rounded cuprascens 


Color dull greenish or cupreous brown; elytra finely punctured, 
emarginate, forming an obtuse subapical tooth in the female; apex 
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of el 3 rtra in both male and female slightly prolonged, converging 
into the sutural spine cuprascejis var. macra 

CICINDELA FORMOSA var. GENEROSA Dej. 

1831 Cicindela formosa var. generosa Dejean, Species gen. des. Coleop. 
coll. Dejean, vol. 5, p 231. 

1834 Cicindela formosa var. latecincta Gk>uld, Boston Join*. Nat. Hist., vol. 
I,p42. 

1920 Cicindela formosa var. generosa Leng, Cat. Coleop. Amer., p 40. 

1925 Cicindela formosa var. fletcheri Criddle, Can. Elnt., vol. 57, p 127. 
1930 Cicindela formosa race generosa Horn, Trans. Amer. Ent. Soc., vol. 
56,p79. 

Length 14.5 mm. to 16 mm. Color above variable from dull red to 
brown with purplish tints, occasionally to greenish black; beneath metallic 
greenish blue. Elytra thickly punctate with shallow green impressions 
which tend to become indistinct in many of the western specimens such 
as those collected at Council Bluffs and Onawa, Iowa. Marldngs complete, 
connected by the marginal band, middle band sinuate, obtusely bent 
toward the apical lunule to terminate with a more or less hooked tip near 
the median suture. Pubescence erect, prominent on front, thoracic pleura, 
appendages and abdomen. 

Distinguish from formosa by duller or darker brown, increased elytral 
punctation, deffexed middle band and more pubescent pronotal surface. 

This distinct variation of ftyrmosa is largely limited to a warm, humid 
climate. It is common and easily recognized throughout most of Iowa. 
Near the western border, normally a more arid climate, specimens are 
lighter red in color, often slightly shining above; elytral punctures are less 
prominent and markings shortened. 

Var. generosa is a sand inhabiting form, varying its preference greatly 
from high, dry dunes far removed from water to bars near rivers or creeks 
where the suiface sand is scarcely dry. 

Life cycle recorded by Shelford (1908) : The eggs are laid during May 
and Jime in fresh sand. Larvae appear about July first to develop into 
the third stage by October first, hibernate and reappear in the spring. In 
the latter part of June and early July an oblique side cavity is directed 
from the burrow, about six or eight inches below the soil surface, to 
receive the prepupal stage. The imago emerges during late August or 
early September. The majority remain over winter in the pupal chamber 
while a few that come to the surface in September go into hibernation 
early in October. Larval life occupies twelve to thirteen months, adult 
life about ten months. Two years are required for one generation. 

County records; Black Hawk, Boone, Bremer, Butler, Clinton, Dela- 
ware, Des Moines, Fayette, Hancock, Henry, Jackson, Jefferson, Linn, 
Louisa, Marion, Monona, Scott, Sioux, Story, Van Buren. 

In addition to the above records Wickhin (1911) records this species 
from Buchanan, Howard, Johnson and Pottawattamie Counties. 

CICINDELA LENGI W. Horn 

1848 Cicindela venusta LeConte, Ann. Lyc. Nat. Hist. N. Y., vol. 4, p 179. 
(Name preoccupied.) 

1908 Cicindela lengi W, Horn, Duetsche Ent. Zeit., p 738. 
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1913 Cicindela venusta subsp. verauta Casey^ Memoirs Coleop., vol. 4, 
p 24. ♦ 

1913 Cicindela venusta subsp. gradlenta Casey, Memoris Coleop., vol. 4, 
p 25. 

1920 Cicindela lengi Leng, Cat. Coleop. Amer., p 40. 

Length 13 to 14.5 mm. Form slender. Color above, dull to brassy 
red; beneath, metallic green. El 3 r^ granulate, feebly or not at all punc* 
tate; markings composed of a slightly enlarged and obliquely elongate 
humeral limule, a sinuately deflexed middle band and complete apical 
limule, all connected by the marginal band. Pubescence of front and 
prothorax prominent; ventral parts densely pilose. 

In Nebraska lengi, formosa and var. generosa have been observed by 
the author, inhabiting the same sand hill, feeding among the sparse vegeta- 
tion or in clear areas. Lengi immediately attracted attention to itself by 
the peculiar habit or raising the anterior part of the body when alarmed, 
apparently seeking a clearer view because this exercise was not included 
with normal activity and none were ovipositing. 

Living in the sandy soil or pure sand of semi-arid localities, only a 
small portion of Iowa presents suitable habitat for lengi; however, it has 
been taken in Pottawattamie County by R. H. Wolcott. 

The adults are abundant during May and early June, only a few occur 
in the fall. 

County records: Pottawattamie, X, 14, 1907 (Wolcott) . Nebr. Coll. 

CICINDELA PURPUREA var. AUDUBONI Lee. 

1845 Cicindela auduhoni LeConte, Host. Jour. Nat. Hist., vol. 5, p 207. 

1883 Cicindela purpura var. graminea Schaupp, Bull. Brooklyn Ent. 
Soc., vol. 6, p 89. 

1897 Cicindela lauta Casey, Ann. N. Y. Acad. Sci., vol. 9, p 296. 

1913 Cicindela purpurea subsp. ardelio Casey, Memoirs Coleop., vol. 4, 

p21. 

1913 Cicindela lauta subsp. franciscana Casey, Memoirs Coleop., vol. 4, 
p23. 

1914 Cicindela mirahilis Casey, Memoirs Coleop., vol. 5, p 358. 

1920 Cicindela purpurea var. auduboni Leng, Cat. Coleop. Amer., p 40. 
1930 Cicindela purpurea auduhoni Horn, Trans. Amer. Ent. Soc., vol. 56, 

p80. 

1932 Cicindela purpurea var. auduhoni Nicolay & Weiss, Jour. N. Y. Ent. 
Soc., vol. 40, p 346. 

Length 12 to 15 mm. Color above dull green, often suffused with 
cupreous reflections. Head and thorax greenii^ to cupreous bronze with 
green sutures and margins. Lateral plates of thorax cupreous, sutures 
green. Ventral parts metallic green, legs usually green, although bronzed 
on a few specimens. Elytra granulate, scarcely if at all punctate; markings 
reduced to a short oblique middle band, apical and small anteapical spot. 
In some specimens the vestige of a humeral or post humeral spot is visible. 
Pubescence of moderate density prevails on the front, thorax and legs; 
abdomen is sparsely haired. 

This color variety found in Iowa is seldom confused with the true 
red purpurea although some specimens tend to retain a cupreous colora- 
tion. The record of auduhoni are somewhat confused. L^onte (1845) 
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assigned this name to a green variety of purpurea. Later (1856) he 
applied the same name to the black variety which was used by subsequent 
authors until Leng (1918) discovered the error and nam^ the black 
variety vigerrima. Consequently graminea of Schaupp (1883) is reduced 
to synon 5 miy. 

This variety prefers clay-like or loam soil of knolls, hills and uplands. 
The ^cimens observed by the author (April, 1934) were active on the 
small bare patches between clumps of grass on i^eep clay hills near 
Ansley, Nebraska. The species was also fimd (October 7, 1936) on a little 
used road cutting throu^ clay hills in Perkins County, Nebraska. The 
Iowa specimens were taken from territory closely resembling the Ne- 
braska type. McCreary secured a specimen at the foot of a grassy slope 
not far from the Skunk River in Henry Coimty. 

Life history briefly summarized by Shelford (1908) : The eggs are 
laid in May; larvae reach the last stage in August, hibernate, begin to feed 
again in April and pupate in July; the adults emerge in August, feed for 
a time, hibernate, come out in the spring to reach sexual maturity during 
April, lay eggs and die. The larval life lasts from 12 to 13 months and the 
adult 10 months. Two years are required for one generation. 

County records: Henry, V, 1928 (McCreary) ; Linn, (Cedar Rapids, 
Iowa) . 


CICINDELA PURPUREA var. NIGERRIMA Leng 

1857 Cicindela purpurea var. auduhoni LeConte, Trans. Amer. Philos. 

Soc., ser. 2, vol. 11, p 37. (Name preoccupied.) 

1918 Cicindela purpurea var. nigemnia Leng, Jour. N. Y. Ent. Soc., vol. 
26, p 139. 

1930 Cicindela purpurea nigerrima Horn, Trans. Amer. Ent. Soc., vol. 56, 

p 80. 

1932 Cicindela purpurea var. nigerrima Nicolay & Weiss, Jour. N. Y. Ent. 
Soc., vol. 40, p 347. 

Length 12 to 15 mm. Color above dull black; below slightly shining 
bluish black. Markings as in purpura and var. auduhoni. Pubescence 
more conspicuous than on purpurea. 

This variety is easily distinguished by its color; however, retention 
of typical purpurea shape, markings and habit denote its close relation- 
ship. Collected rarely and sporadically it may be only a mutation or 
abnormality rather than a true variety. 

The auduhoni Lee. reported from northwest Iowa by Wickham (1911) 
is undoubtedly nigerrima Leng. 

Habits of nigerrima are similar to auduhoni. The specimens recorded 
were taken with var. auduhoni and from situations typical of purpurea. 
Coimty records: Woodbury, (Wickham, 1911) . 

CICINDELA SPLENDIDA Hentz 

1830 Cicindela splendida Hentz, Trans. Amer. Philos. Soc., ser. 2, vol. 6, 
p254. 

1834 Cicindela discus Klug, Jahrbucher der insectenkunde, vol. 1, p 23. 
1884 Cicindela splendida Hentz, Bull. Brooklyn Ent. Soc., vol. 6, p 112 
(reprint of 1830) . 

1920 Cicindela splendida Leng, Cat. Coleop. Amer., p 40. 
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1930 Cicindela purpurea race splendida Horn, Trans. Amer. Ent. Soc., 
vol. 56, p 80. ^ 

1932 Cicindela eplendida Nicolay & Weiss, Jour. N. Y. Ent. Soc., vol. 40, 
p350. 

Length 12.5 to 15 mm. Characterized by the metallic greenish blue 
or french blue color of the head and thorax in contrast to the elytra which 
vary from dark to bright red, with a brassy sheen evident on some of the 
western specimens. Tlie markings consist of a short, transverse, marginal 
remnant of the middle band, the apical limule, frequently an anteapical 
spot and rarely a humeral spot. Elytra granulate, scarcely punctate. 
Front, thorax and appendages moderately pubescent. 

A few specimens taken in Iowa were collected from clay canyons in 
the northeast section inhabited by limhalis, its variety transversa and 
splendida var. cyanocephalata. Local areas may be foimd (Lincoln, Ne* 
braska) dominated by splendida (the variety cyanocephalata most numer- 
ous). However, in Iowa only a few specimens are found among many 
limhalis, * 

The month of May is the most opportune period for collecting this 
species. Frequently the use of a net is prohibited by the imeven ground. 
With this species unusual success may be enjoyed by emplo 5 nng this 
unique method: Secure a dried sunflower stem about 8 or 10 feet long 
which has several small branches at the tip. Thus equipped walk slowly 
through the canyon or area inhabited by splendida. When one is sighted 
briskly slap the ground within a few inches of the insect, creating a con- 
tinuous rattle that usually paralizes the beetle momentarily. An active 
collector can secure his specimen during the three or four seconds re- 
quired for the insect to ‘‘collect its wits.” However, an assistant is a 
valuable asset. 

County records: Dubuque. V, 1934 (Boughton), V, 1936 (Eckhoff). 

Wickham (1911) records this species from Pottawattamie and Scott 
Counties. 


CICINDELA SPLENDIDA var CYANOCEPHALATA n. var. 

1911 Cicindela limhalis var. amoena Harris, N. Amer. Cicindelidae in 
Harris Coll., p. 8. ( Name preoccupied.) 

1928 Cicindela purpurea subsp. splendida form cyanocephala Varas, Rev. 
Chil. Hist. Nat., vol. ,32. p 239. (Name preoccupied.) 

1930 Cicindela purpurea race cyanocephala Horn, Trans. Amer. Ent. Soc., 
vol. 56, p 80. 

1931 Cicindela limhalis var. cycanocephala Leng, Second Sup. Cat. 
Coleop. Amer., p 9. 

1932 Cicindela splendida var. cyanocephala Nicolay and Weiss, Jour. 
N. Y. Ent. Soc.. vol. 40, p 351. 

Length 12.5 to 15 mm. Head and thorax greenish blue or french blue; 
elytral color similar to spendtda but with prominent white markings of 
the limhalis type, being composed of a sinuate middle band, anteapical and 
apical spots. Humeral and posthumeral spots usually present, althouj^ 
some specimens lack one or both. 

Specimens of this type were formerly included with splendida 
(Leng 1902) until Varas (1928) applied the name Cicindela purpurea 
sul»p. splendida cyanocephala. Unfortunately cyanocephala Varas is pre- 
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occupied (Cicindela cyanocephala Fabr., 1798 Fabricius, Supplementum 
Entomologiae Systexna, Hafniae, p 60) which necessitates a new name. 

They occur with splendida often outnumbering the t 3 rpical parent 
species. Ltmhalia, the variety tranaversa and splendida var. cyanocepha- 
lata have been observed inhabiting the same canyons of clay and loam hills 
near Maquoketa Park in Jackson Coimty. 

Specimens of limhalis mating with var. cyanocephalata have been 
taken and now repose in the Nebraska collection. 

The close relationship of the limhalis group has been suggested in 
order to clarify the scope of the varietal names rather than belittle their 
value. Some varietal names have been retained to consign specimens of 
dubious rank to their parent species rather than to establish a number of 
races. 

County records: Jackson, V, 1936 (Eckhoif ) . 

CICINDELA LIMBAUS Klug 

1834 Cicindela limhalis Klug, Jahrbucher der insectenkimde, p 29. 

1848 Cicindela limhalis var. amoena LeConte, Ann. Lyc. Nat. Hist. N. Y., 
vol. 4, p 177. 

1857 Cicindela splendida LeConte, Trans. Amer. Philos. Soc., ser. 2, vol. 
11, p 36. (Name cited in error.) 

1913 Cicindela limhalis subsp. awemeana Casey, Memoirs Coleop., vol. 4, 
p23. 

1913 Cicindela limhalis subsp. eldorensis Casey, Memoirs Coleop., vol. 4, 
p23. 

1920 Cicindela limhalis Leng, Cat. Coleop. Amer., p 40. 

1928 Cicindela limhalis var. militaris Varas, Rev. Chil. Hist. Nat., vol. 32, 
p242. 

1930 Cicindela purpurea race limhalis Horn, Trans. Amer. Ent. Soc., vol. 
56, p 80. 

Length 13 to 15 mm. Color above variable in shade and intensity. 
Iowa specimens display colors from bright red to dull reddish brown with 
cupreous to wine colored intermediates Sutures and margins bright 
metallic green or blue. Color below metallic bluish green with cupreous 
reflections. Front thorax and appendages moderately pubescent; abdomen 
sparsely so. The elytra are granulate, feebly punctate; markings usually 
prominent, composed of humeral, posthumeral dots (sometimes reduced 
or entirely absent), apical, anteapical spots (seldom confluent to form 
complete acipal limule) and a sinuate middle band directed transversely 
from the margin to the middle of the elytron before being deflexed at an 
obtuse angle towards the median suture. 

This species is restricted to the clayey soils constituting a large part 
of the rou^, hilly land within the state. The adults are collected in steep 
guljies and small canyons defacing a treeless hillside, or frequently foxmd 
among vegetation near the brink. The adults appear early in April, are 
most abundant during May and early June; a few stragglers occur as late 
as July. 

County records: Appanoose, Davis, Des Moines, Dickinson, Dubuque, 
Henry, Jackson, Jefferson, Johnson, Louisa, Page, Poweshiek, Scott, 
Story, Van Buren, Wayne. 

In addition to the above records Wickham (1911) records this species 
from Cherokee, Franklin, Howard and Pottawattamie Counties. 
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CICINDELA LIMBALIS var. TR ANSVERS A Leng 

1902 Cicindela purpurea var. transversa Leng, Trans. Amer. Ent. Soc., 
vol. 28, p 131. 

1911 Cicindela limhalis var. transversa Harris, N. Amer. Cicindelidae in 
Harris Coll., p 7. 

1920 Cicindela splendida var. transversa Leng, Cat. Coleop. Amer., p 40. 
1930 Cicindela purpurea race splendida var. transversa Horn, Trans. 
Amer. Ent. Soc., vol. 56, p 80. 

1932 Cicindela limhalis var. transversa Nicolay & Weiss, Jour, of N. Y. 
Ent. Soc., vol. 40, p 348. 

Length 13 to 15 mm. Form and color similar to limhalis but with a 
tendency toward the brighter color; head and thorax frequently exhibit a 
brassy luster. The chief differentiating character is the reduction of the 
middle band to a short transverse bar. The humeral, posthumeral and 
anteapical dots are usually less distinct than on limhalis, often entirely 
absent. 

This variety is a very slight departure from the parent species 
limhalis but is retained by Nicolay and Weiss (1932) because it represents 
an intermediate or connecting link between limhalis and splendida. 

County records: Jackson, V, 1936 (Eckhoff); Jefferson, V, 1931 
(Pierson); Johnson, III, (Wickham). 

CINCINDELA DUODECIMGUTTATA Dej. 

1825 Cicindela duodecimguttata Dejean, species gen. Coleop. coll. Dejean, 
vol. 1, p 73. 

1837 Cicindela proteus Kirby, Insects in Richardson’s Fauna Boreali- 
Americana, vol. 4, p 9. 

1913 Cicindela hucolica Casey, Memoirs Coleop., vol. 4, p 28. 

1916 Cicindela hudsonica Casey, Memoirs Coleop., vol. 7, p 29. 

1920 Cicindela repanda edmontonensis Carr, Can, Ent., vol. 52, p 218. 

1920 Cicindela duodecimguttata Leng, Cat. Coleop. Amer., p 40. 

1930 Cicindela duodecimguttata Horn, Trans. Amer. Ent, Soc., vol. 56, 

p80. 

length 12 to 14 mm. Dorsum dull dark brown, head and pronotum 
faintly bronzed; color beneath dark metallic green or greenish blue, 
thoracic pleura cupreous or bronzed. Elytra densely punctate with green- 
ish blue impressions; marked by humeral and posthumeral spots which 
occasionally form a complete lunule, a narrow, usually interrupted middle 
band, anteapical and apical spots which are rarely connected to form a 
complete lunule. Prothorax nearly margined, only slightly convex; pro- 
notum about one millimeter broader than long, distinctly broadened and 
angulate anteriorly. Pubescence erect, usually dense on thoracic pleura 
and appendages; head, lateral borders of pronotum and venter inconspicu- 
ously hairy. 

Distinguished from repanda by larger prothorax, usually reduced 
markings and darker color. 

Duodecimguttata is distributed over the entire state, but restricted to 
a special habitat. Specimens have been found only on wet loam or clay^ 
soil. The ideal habitat is the steep sides of gullies or ravines in which a 
small trickle of water flows over the hard, smooth clay. The species fre- 
quents many of the pond, creek and lake shores which contain abundant 
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humus. The adults are numerous in May; a few occur throuf^out the 
summer. 

County records: Appanoose, Cerro Gordo, Davis, Des Moines, 
Dubuque, Fremont, Harrison, Henry, Jackson, Jefferson, Keokuk, Mills, 
Mitchell, Monroe, Montgomery, Page, Poweshiek, Story, Van Buren, 
Washin^n, Wayne. 

Wi^ham (1911) records this species from Howard, Johnson and Ldnn 
Counties. Casey (1913) records this ^ecies from Lee Coimty. 

CICINDELA REPANDA Dej. 

1825 Cicindela repanda Dejean, Species gen. Coleop. coll. Dejean, vol. 1, 
p74. 

1834 Cicindela hirticollis Gould, Boston Jour. Nat. Hist., vol. 1, p 49. 

1857 Cicindela haltimorensis LeConte, Trans. Amer. Philos. Soc., ser. 2, 
vol. 11, p 43. 

1897 Cicindela unijuncta Casey, Ann. N. Y. Acad. Sci., vol. 9, p 299. 

1920 Cicindela repanda Leng, Cat. Coleop. Amer., p 40. 

1930 Cicindela duodecimguttata race repanda Horn, Trans. Amer. Ent. 
Soc., vol. 56, p 81. 

Length 10.5 to 13 mm. Dorsum light brown to greenish brown with 
greenish or cupreous bronze reflections on head and pronotum; beneath 
bright metallic green; thoracic pleura and portions of the legs cupreous 
bronze. Elytra densely punctate with shallow green or bluish impressions; 
markings complete, composed of C-shaped humeral lunule, sinuate middle 
band, distinct marginal line occasionally produced anteriorly to connect 
the humeral lunule, and a complete apical lunule. Pubescence erect, 
usually dense on thoracic pleura and appendages; moderately dense on 
front, lateral borders of pronotum and venter. 

Distinguished from duodecimguttata by complete markings, narrow 
convex prothorax and usually brighter color; from hirticollis by the 
shorter humeral lunule, setae on cheek and broadly rounded elytral apex. 

A hardy, very active species, repanda is common in the vicinity of 
nearly all damp sandy situations; abundant on the banks and and bars of 
all Iowa rivers, streams and lakes. Occasionall 5 / individuals are found 
associating with duodecimguttata but they do not flourish in that habitat. 

Somewhat gregarious, many adults have been observed, within a 
small area on the moist sandy shore of a stream, busily catching minute 
insects or chasing each other. They pass the night and cool days in short 
(one inch) oblique tunnels dug in the fine, dry sand a short distance from 
the water’s edge, reappearing when warmer temperature prevails. 

County records: Appanoose, Benton. Black Hawk, Boone, Bremer, 
Buena Vista, Butler, Cass, Clarke, Clay, Clinton, Davis, Des Moines, 
Dickinson, Dubuque, Emmet, Favette, Henry, Iowa, Jackson, Jefferson, 
Johnson, Linn, Louisa, Lyon. Madison, Mitchell, Monona, Monroe, Mont- 
gomery, Page, Plymouth, Polk, Pottawattamie, Scott, Sioux, Story, Union, 
Van Buren, Wapello, Warren, Washington, Wayne, Webster, Woodbury. 

CICINDELA HIRTICOLLIS Say 

1817 Cicindela hirticollis Say, Jour. Acad. Nat. Sci. Phila., vol. 1, p 20. 

1826 Cicindela albohirta Dejean, Species gen. Coleop. coll. Dejean, vol. 2, 
p 425. 
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1836 Cicindela unita Kollar, Ann. d. Wien. Mus,, vol. 2, p 330. 

1920 Cicindela dejeam I^Conte (in litt.) Leng^ Cat. Coleop.^Amer., p 40. 
1920 Cicindela humeralis LeConte (in litt.) Leng, Cat. Coleop. Amer., 
p 40. 

1920 CMndela hydropica Dupuis (in litt.) Leng, Cat. Coleop. Amer., p 40. 
1920 Cicindela hirticollis Leng, Cat. Coleop. Amer., p. 40. 

1930 Cicindela hirticollis Horn, Trans. Amer. Ent. Soc., vol. 56, p 81. 

Length 13 to 15.5 mm. Dorsum brownish bronze, often with greenish 
reflections; color beneath bright green with brilliant cupreous reflections 
on thoracic pleura. Elytra densely punctate witii large, bluish green im- 
pressions; markings complete, prominent. Pronotum slightly convex, 
nearly quadrate, the angles rounded. Pubescence erect, sparse on the 
front and pronotal surface, dense on thoracic pleura and appendages; 
outer edges of venter moderately hairy. 

Distinguished from repanda by long slender mandibles, bare cheeks, 
larger area of pronotal pubescence, slight apical prolongation of elytra 
and characteristic projection of the humeral lunule toward the median 
suture. 

Hirticollis apparently is a strictly fluviatile species. The author has 
coUected it only from the banks of the Des Moines, Iowa, Mississippi, 
Missouri and Wapsipinicon Rivers. Numerous during a period of sub- 
normal water levels, the beetles frequent the silt-covered bars at the 
water’s edge. The slime, mud and organic matter exposed by receding 
water is attractive to countless numbers of tiny insects and consequently 
numerous predators of which hirticollis and cuprascens var. macra con- 
stitute the majority. 

Feeding hirticollis have been observed to cover forty to sixty feet of 
shoreline without straying more than a foot from the water; often wading 
through or into puddles three or four millimeters deep. 

The adults appear late in June or early Julj'^; continue in evidence 
until late August. 

County records: Clinton, VII, 1936 (Eckhoff) ; Dickinson, VI, 1932 
(Galer) , VI, 1932 (Moore) ; Henry, VIII, 1930 (Parks) ; Louisa, VIII, 1936 
(H. M. Harris) ; Monona, VIII, 1932 (A. M. Pearson) , VII, 1936 (Eckhoff) ; 
Scott, yil, 1936 (Eckhoff) ; Van Buren, VII, 1936 (Eckhoff) . 

Wickham (1911) records this species from Black Hawk, Johnson and 
Pottawattamie Counties. 

CICINDELA TRANQUEBARICA Hbst 

1806 CMndela tranqueharica Herbst, Natursystem etc., vol. 10, p 178. 

1818 Cicindela vvlgaris Say, Trans. Amer. Philos. Soc., vol. 1, p 409. 

1825 Cicindela ohliquata Dejean, Species gen. Coleop. coll. Dejean, vol. 1, 
p 72. 

1910 Cicindela tranqueharica var. minor Leng, Jour. N. Y. Hint. Soc., vol, 

18, p 80. 

1911 Cicindela tranqueherica var. vulgaris-minor Harris, N. Amer. Cicin- 
delidae in Har^ Coll., p 18. 

1913 Cicindela crinifrons Casey, Memoirs Coleop., vol. 4, p 26. 

1914 Cicindela wichitana Casey, Memoirs Coleop., vol. 5, p 21. 

1914 Cicindela tranqueharica subsp. turhulenta Casey, Memoirs Coleop., 
vol. 5, p 25. 
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1920 Cicindela tranquebarica Leng, Cat. Coleop. Axner., p 40. 

1930 Cicindela tranquebarica Horn, Trans. Amer. Ent. vol. 56, p 81. 

Length 13 to 16 mm. Color above dark brown, occasionally greenish, 
or in some specimens opaque black; head, thorax and legs metallic cupre- 
ous bronze; sutures blue or green and abdomen metallic green. Front, 
thoracic pleura and appendages conspicuously hairy. Elytra somewhat 
irregularly and coarsely punctate by shallow green or blue impressions 
with a few dispersed fovae on basal third. Distinct markings of moderate 
size include an obliquely elongate humeral limule curving slightly forward 
toward the suture, or, produced posteriorly to approach the obtuse angle 
of the middle band, a rather narrow middle band which is only slightly if 
at all extended at the margin, nearly transverse before deflecting apic^ly 
at an obtuse angle to terminate in a broad hook near the median suture 
and a complete apical lunule with the anterior portion inflexed. 

This species appears quite widely distributed within the state, but is 
not plenti^l in any locality. Apparently the local distribution of the 
species is influenced by available soil moisture. The females select only 
situations with a fairly constant moisture supply in which to deposit eggs. 
These moisture conditions differ widely due to the large temperature 
range within the state. Although no notable color variation of tranque- 
barica has been observed in Iowa the specimens exhibit considerable dif- 
ferences in the type of marking, evidently brought about by temperature 
fluctuations during development. Consideration of these facts and the 
susceptibility of the species to environmental influence should halt any 
attempt to name varieties of tranquebarica on the basis of color pattern. 

Life cycle stated by Shelford (1908): The eggs are laid in May. 
Hatching in two weeks the larvae reach llie last stage in August, hiber- 
nate, begin to feed in April and pupate in July. The adults emerge in 
August, feed for a time, hibernate and come out in the spring, mature 
sexually during April, oviposit during May and die. 

Larval life 12 to 13 months, adult life 10 months; 2 years required to 
complete one generation. 

County records: Boone, V, 1936 (Eckhoff ) ; Bremer, V, 1936 (Eck- 
hoff) ; Fremont, IV, 1932 (Clark) , IV, 1935 (Janes) ; Lee, V, 1932 (Kagy) ; 
Monona, VII, 1932 (Galer); Osceola, VI, 1932 (Galer); Page, VIII, 1932 
(Loudon) ; Story, (1892 Exp. Sta.) . 

WicWiam (1911) records this species from Johnson and Potta- 
wattamie Counties. 

CICINDELA SCUTELLARIS var. LECONTEI Hald. 

1853 Cicindela scufellaris var. lecontei Haldeman, Proc. Acad. Nat. Sci. 
Phila., vol. 6, p 361. 

1920 Cicindela scutellaris var. lecontei Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela scutellaris modesta Horn, Trans. Amer. Ent. Soc., vol. 56, 
p83. 

Length 10.5 to 13 mm. Color above typically a cupreous red; however, 
every intermediate shade to a coppery or greenish bronze is represented; 
beneath, head and thorax metallic cupreous or bronze; abdomen green 
with cupreous reflections. Elytra usually impunctate frequently with a 
row of inconspicuous fovae near the suture; occasionally a specimen 
exhibits feeble punctatipn. Markings, althou^ variable, commonly con- 
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sist of the posthumeral spot, triangular marginal spot and complete apical 
limule. Frequently specimens display a complete humeral hmule becom- 
ing confluent with the marginal spot; rarely do the markings form an 
intact marginal band. Frontal pul^scence prominent on the male; very 
i^rse on the female, sometimes only the strong orbital bristles are 
present. 

This species inhabits the dry sandy soil, flourishing in areas of pure, 
fine blow-sand supporting sparse growth of vegetation seldom visit^ by 
man or animal. In Story County this type of soil is negligible, but a few 
specimens have been taken from dry gravel pits and from hi^ dry sand 
bars deposited by a stream at flood stage. Abundant numbers of lecontei 
occurred in Backbone Park (Delaware County) during May, feeding 
among sparse vegetation bordering dry, shallow, extremely sandy washes; 
very few could be found July first but they were numerous October first. 
In northwestern Clinton County (May 16, 1936) both lecontei and gen- 
erosa were foimd frequenting a steep sandy hill partially covered with 
native grasses. • 

Shelf ord (1908) states that the production of one generation occupies 
two years. The eggs are laid during May in dry sand containing little 
humus. The larvae reach the last stage in August or September, hiber- 
nate, begin to feed again in April and pupate in July. The adults emerge 
in August or September, feed for a time, hibernate until April, reappear 
to mate and oviposit during May. The larval life occupies 12 or 13 months, 
adult life about 10 months. 

Apparently the extreme heat or drought of 1936 inhibited pupal de- 
velopment as adults failed to appear until late September and early 
October. 

Coimty records: Black Hawk, Boone, Bremer, Butler, Clinton, Dela- 
ware, Fayette, Fremont, Henry, Lee, Linn, Louisa, Muscatine, Story. 

Wickham (1911) records this species from Buchanan, Clayton, How- 
ard, Johnson and Pottawattamie Counties. 

CICINDELA SEXGUTTATA Fabr. 

1775 Cicindela sexguttata Fabricius, Systema Entomologies, p 226. 

1799 Cicindela varians Ljungh, Vetensk. Acad. Nya. Handl., vol. 20, p 147. 
1854 Cicindela guttata Emmons, The Nat. Hist, of Agr. of N. Y., vol. 5, 
p35. 

1903 Cicindela quadriguttata Davis, Ent. News, vol. 14, p 270. 

1909 Cicindela levettei Casey, Can. Ent., vol. 41, p 270. 

1920 Cicindela sexguttata Leng, Cat. Coleop. Amer., p 41. 

1920 Cicindela sexguttata var. levettei Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela sexguttata Horn, Trans. Amer. Ent. Soc., vol. 56, p 83. 

Length 11.5 to 14 mm. Color above commonly shining green, often 
with bluish reflections; below, metallic greenish to violaceous. Elytra 
somewhat granulate, coarsely punctate; marginal, anteapical, apical and 
frequently a discal spot constitute the markings of each elytron. Front 
glabrous, pubescence of ventral parts erect, feeble and sparse. 

Typi<^ sexguttata is more prevalent in the southeastern part of the 
state while the variety tridens is the member most frequently collected in 
the central and northwestern territory. 

This i^cies inhabits clear woods, usually of oak, ash and hickory 
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which constitute the majority of Iowa groves and forests. Adults were 
numerous (May 15, 1936) in the upland woods bordering a small tributary 
of the Mississippi River (Des Moines County) . Here the author observed 
individuals congregated in the clear sunny spots on the banks of the 
stream at the edge of the woods. Seemingly less alert than most species 
the sudden appearance of an intruder caused hasty, disorganized retreat. 
Some individuals quietly crept into concealment under nearby rubbish 
while others after running about excitedly made a short flight, often hiding 
to elude further pursuit. None could be found outside of the woods; 
however, specimens are collected near ditches or gullies in fields and 
pastures. The author found one specimen (Johnson County, VII, 1935) 
trapped in a post hole dug in connection with a chinch bug barrier. 

In Maquoketa Park (Jackson County) on July 13, 1936, a few 
sexguttata and variety tridens were found together among the sparse 
vegetation on the banks of a small, dry, sandy stream bed. 

Life history from Shelford (1908): Ihe eggs are laid during June or 
early July in shaded sand or clay containing humus. The majority of the 
larvae pass wmter in the third stage, few in the second stage. The pupal 
stage is reached by July the following summer; however, very few 
imagoes leave the pupal chamber until spring rains soften the soil. Any 
adults emerging in the fall hibernate under logs or leaves, but do not dig 
into the earth. 

County records: Bremer, Clarke, Davis, Des Moines, Dickinson, 
Grundy, Henry, Jackson, Jefferson, Johnson, Lee, Linn, Louisa, Mahaska, 
Monroe, Muscatine, Page, Scott, Van Buren, Washington. 

CICINDELA SEXGUTTATA var TRIDENS Csy 

1909 Cicindela levettei var. tridens Casey, Can. Ent., vol. 41, p 271. 

1920 Cicindela sexguttata var. levettei Leng, Cat. Coleop. Amer., p 41. 
1930 Cicindela sexguttata tridens Horn, Trans. Amer. Ent. Soc., vol. 56, 
p83. 

Length 11.5 to 14 mm. Color above shining green or with purplish 
reflections. Form, pubescence and elytral punctation similar to sexguttata 
from which it is distinguished only by the reduced color pattern. The 
majority of specimens are immaculate although retention of a small mar- 
ginal spot frequently augmented by remnants of an apical spot is not 
uncommon. 

Among the Cicindela in the Iowa State College student collections 
sexguttata is represented only by the immaculate form, many of which 
bear incorrect determination labels. Evidently the student does not 
associate this form with a “six spotted” species. Rarely are typical 
sexguttata taken in the northwestern half of the state, therefore, the 
author has retained the varietal name tridens Csy. to promote more ac- 
curate association with the true species. 

Leng (1920) graciously recognized levettei Csy. as a variety of 
sexguttata and listed tridens as ssmonymous to levettei. Horn (1930) 
quite correctly relegated levettei to s 3 monymy and considered tridens 
to be a race of sexguttata. 

The author has been unable to distinguish levettei from sexguttata. 
However, tridens can be separated by the characteristic reduction of the 
markings. 
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The variety occurs throughout the state. It is decidedly outnumbered 
by true sexguttaXa in the southern portion but almost exclusively domin* 
ates the noi^westem territory. 

The adults delight in sparsely wooded areas that permit considerable 
growth of annual vegetation, where they may feed in the open simny 
spots or rest in the adjacent shade. They exhibit the same furtive habits 
noted for sexguttata. Early spring collectors, while combing the woods 
near the Iowa State College campus for insects, occasionally fmd a tridens 
hibernating under a log or the loose bark of a stump or tree. Tridens was 
numerous on May 16, 1936, in company with a few sexguttaia, along the 
grassy banks of a dry stream bed cutting through Maquoketa Park 
(Jackson Coimty) . The population was greatly reduced by July 13, 1936. 
Among the adult sexguttata observed in Des Moines Coimty May 15, 1936, 
near a small stream bordered by woods, relatively few exhibited reduced 
markings; thus it seems evident some environmental factor must influence 
the deposition of elytral pigment. 

The life cycle does not differ from that of sexguttata. 

County records: Adair, Appanoose, Boone, Buchanan, Cedar, Clarke, 
Cla 5 rton, Clinton, Delaware, Des Moines, Dickinson, Harrison, Henry, 
Jackson, Jasper, Jones, Johnson, Kossuth, Louisa, Madison, Marshall, 
Page, Story, Van Buren. 

CICINDELA SEXGUTTATA var VIOLACEAE Fabr. 

1801 Cicindela violaceae Fabricius, Systema Eleutheratorium, p 232. 
1920 Cicindela sexguttata var. violaceae Leng, Cat. Coleop. Amer., p 41. 

1929 Cicindela Kansanus Knaus, Jour. Kan. Ent. Soc., vol. 2, p 24. 

1930 Cicindela sexguttata violaceae Horn, Trans. Amer. Ent. Soc., vol. 56, 
p83. 

Length 12 to 13.5 mm. Color of entire body, except antennae and 
mouth parts, rich, deep violet hue with no hint of greenish reflections. 
Form, pubescence and elytral punctation similar to sexguttata. The Iowa 
form is usually immaculate; however, a marginal or apical spot and 
occasionally both may be present. 

This color variation of sexguttata is only collected occasionally and to 
the author it represents a form in which physiological conditions during 
prepupal and pupal development were such that the abnormal coloration 
was produced. 

Violaceae frequents the dry channels of creeks and gullies or stream 
banks of wooded areas in company with sexguttata and variety tridens. 

County records: Story, VI, 5, 1931 (H. M. Harris), 1 specimen 
(Ames) , old label. 

Wickham (1911) records this species from Des Moines County and 
Knaus (1929) records this species from Johnson County. 

CICINDELA PUNCTULATA OUv. 

1790 Cicindela pvnctulata Olivier, Entomologie, vol. 2, p 70. 

1798 Cicindela micans Fabricius, Suppl. Ent. Syst., p 61. 

1806 Cicindela obscura Melsheimer, Cat. Insects (beetles) of Penn., p 46. 
1837 Cicindela ievsoni Gistel. Systema Insectorum, vol. 1, p 55. 

1909 Cicindela boulderensis Casey, Can. Ent., vol. 41, p 271. 

1916 Cicindela prolixa Casey, Memoirs Coleop., vol. 7, p 33. 
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1916 Cicindela fontinaria Casey, Memoirs Coleop., vol. 7, p 33, 

1920 Cicindela punctulata Leng, Cat. Coleop. Amer., p 41. 

1930 Cicindela punctulata Horn, Trans. Amer. Ent. Soc,, vol. 56, p 84. 

Length 11 to 13 mm. Form slender; thorax more or less cylindrical; 
legs long. Color above mostly black, often with brownish bronze reflec- 
tions on the elytra; head and thorax more metallic; sutiures and margins 
often greenish blue. Color below dark metallic blue, the prostemum and 
met-epistema tinged cupreous or bronze. Elytra coarsely pimctate, finely 
serrulate at apex; a row of prominent green or blue fovae extend from 
the base to the apex of each elytron, flanked by a double row extending a 
short distance back of the humeral angle. Markings, other than the con- 
stant apical lunule, variable; at most including an interrupted humeral 
limule, interrupted marginal line and a middle band represented by three 
dots. Minimum markings consist of the slender apical lunule and rem- 
nants of a marginal line. Pubescence short, often appearing decumbent, 
sparsely distributed on ventral parts; absent from the head. 

Punctulata having greater diversity of habits than other members of 
the family is also the most common species in Iowa. A strong flier and 
voracious feeder it occurs in a variety of situations. It has been collected 
from wet sand at the river’s edge, resting in the shade of sticks, stones and 
vegetation when the heat becomes severe, or when opportunity affords, 
large numbers crawl into the cracks made by the baking of mud from 
which the water has receded. It is frequently found in fields of alfalfa, 
com, small grains; pastures, gardens, lawns; along hard paths and dusty 
roads. Occasionally they are found in sparse woods and on dry sandy 
dunes in company with lecontei and generosa. 

Aside from feeding throughout the day, large numbers are attracted 
to lights at night. In cities (Cedar Rapids, Des Moines, Ottumwa and 
Sioux City) adults have been observed running along the sidewalks prey- 
ing upon other small nocturnal insects. Some were in evidence as late as 
ei^t o’clock the following morning before they sought a more suitable 
hunting ground. 

Balduf (1925) observed a specimen of punctulata in the shade of tall 
com devour nine nymphs and one adult chinch bug during a 26-minute 
period within an area six inches in diameter. 

In spite of consuming rather unsavory foods punctulata emits a pleas- 
ant, fruity odor when first captured. 

The adults appear during late June, are abundant throughout July 
and August, subside in September and disappear completely by October. 

County records: Allamakee, Audubon, Boone, Bremer, Buchanan, 
Buena Vista, Calhoun, Cass, Cerro Gordo, Cherokee, Chickasaw, Clarke, 
Clay, Clayton, Clinton, Dallis, Davis, Decatur, Delaware, Des Moines, 
Dickinson, Harrison, Henry, Iowa, Jackson, Jasper, Jefferson, Johnson, 
Lee, Linn, Louisa, Madison, Mahaska, Mills, Monona, Muscatine, O’Brien, 
Osceola, Page, Plymouth, Polk, Scott, Sioux, Story, Union, Van Buren, 
Wapello, Webster, Woodbury, Wright. 

CICINDELA CELERIPES Lee. 

1848 Cicindela celeripes LeConte, Ann. Lyc. Nat. Hist. N. Y., vol. 4, p 183. 
1920 Cicindela celeripes Leng, Cat. Coleop. Amer., p 42. 

Length 7 to 9 mm. ^Color brownish bronze above, head and prothorax 



DEAN E. ECKHOFF 


221 


greenish bronze; ventral surface greenish or brown, trochaqlers and palpi 
pale, legs greenish. Elytra reduced at the base, forming rounded, indi^ 
tinct humeral angles; coarsely punctate with green punctures and sparsely 
clothed with short decianbent hairs. Each elytron rounded at the apex and 
bearing a prominent sutural spine. The markings are variable, generally 
represented by a posthumeral and discal dot in addition to a margin^ 
line and complete apical lunule; however, they may be reduced to mar- 
ginal and apical dots. 

The species was collected by Wickham in 1898 among scattered grass 
clumps on the prairie bluffs near Council Bluffs, Iowa, and frequenting 
the upper end of a deep gulley formed in the clay soil near Iowa City. 
Numerous specimens were secured by Nebraska collectors during July 
of the year 1905, 1906, 1908 and 1912 from hilly prairie land near the 
Missouri River. 

Although unable to fly, the agility of the adults is often discouraging 
to a collector. 

County records: Pottawattamie, VI, 1905 (Shoemaker) Nebr. 
collection. 


CICINDELA CURSITANS Lee. 

1857 Cicindela cursitans LeConte, Trans. Amer. Philos. Soc., ser. 2, vol. 

11, p 60. 

1920 Cicindela cursitans Leng, Cat. Coleop. Amer., p 42. 

Length 7 to 9 mm. Closely resembles celeripes in color and form. 
However, the elytra are glabrous, finely punctate, with broader markings 
and a less prominent sutural spine. Legs are li^t brown or testaceous. 

Habits apparently the same as celenpes. Wickham (1898) reports one 
specimen taken on a bank of the Iowa River near Iowa City, Iowa. A few 
were taken during June near Council Bluffs, Iowa, by F. H. Shoemaker. 

County records: Pottawattamie, VI, 1905 (Shoemaker) Nebr. 
collection. 

CICINDELA UNIPUNCTATA Fabr. 

1775 Cicindela unipunctata Fabricius, Syst. Ent., p 225. 

1920 Cicindela ohsoleta Dejean (in litt.) Leng, Cat. Coleop. Amer., p 42. 
1920 Cicindela unipunctata Leng, Cat. Coleop. Amer., p 42. 

1930 Cicindela umpunctata Horn, Trans. Amer. Ent. Soc., vol. 56, p 85. 

Length 15 to 18 mm. Color above opaque, mossy brown; beneath dark 
metallic blue. Elytra flattened to an unusual extent, roughened by irregu- 
lar depressions, densely punctured with coarse, green impressions and 
dispersed fovae; markings confined to a single small marginal spot. 
Pronotum with a feeble fringe of hair; thorax and abdomen glabrous. 
Head strongly strigose; labrum tridentate, somewhat elongate. 

This species is rarely encountered, probably escaping notice because 
of its protective coloration and cautious habits. Contrary to the majority 
of Cicindela it shuns open, sunny situations but frequents dense woods 
either singly or in pairs, not in company \vith other species. 

Mr. Kongable of Iowa Wesleyan College collected a specimen (May 
21. 1936) near the Skunk River in Henry County. He secured the beetle 
in a sweeping net about mid-aftemoon on a clear day while collecting in 
a heavily wooded hollow thickly overgrown with weeds. 
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Wickham (1898) found one specimen in Cedar Coimty on a dark, 
rainy day late in May while collecting along the Cedar River bottoms. 
The insect ran across a path into some dead leaves nearby from whence 
it was readily captured. 

Records indicate the adults are present from May to July. 

County records: Henry, VII, 23, 1924 (Jaques), VII, 27, 1929 
(McCreary), V, 21, 1936 (Kongable) , V, 25, 1936 (Gardner); Louisa, VI, 
7, 1935 (Warren). 


CICINDELA CUPRASCENS Lee. 

1825 Cicindela cuprascens LeConte, Proc. Acad. Nat. Sci. Phila., vol. 6, 
p65. 

1913 Cicindela cuprascens subsp. amnicola Casey, Memoirs Coleop., vol. 
4, p 37. 

1920 Cicindela cuprascens Leng, Cat. Coleop. Amer., p 42. 

1930 Cicindela cuprascens Horn, Trans. Amer. Ent. Soc., vol. 56, p 86. 

Length 11 to 13 mm. Dorsum shining cupreous or greenish bronze; 
beneath bright metallic green, palpi pale, trochanters rufous. El 5 rtra 
coarsely and densely punctate; in the female emarginate externally at 
apex to form a prominent, acute subapical tooth, tips rounded; in the 
male obliquely sinuate at apex, tips obtuse. Markings complete, connected 
by marginal tend, middle band often slender and tortuous; small spot at 
base of each elytron frequently connected to anterior portion of humeral 
lunule. Pubescence short, decumbent, moderately dense on front, occiput 
and pronotum; very dense on cheek, thorax and sides of venter. 

Distinguished from macra by brighter, more shining colors; coarser 
and deeper elytral punctures and the more prominent, acute subapical 
tooth and rounded tips of female elytra or more obtusely rounded tips of 
the male elytra. 

This species frequents the wet sandy banks of the Missouri River and 
is rarely found elsewhere. Adults were abundant near the river at Onawa, 
Iowa, July 29, 1936, and were collected without difficulty on the packed 
wet sand. 

Records and observations indicate that adults appear in late June or 
early July; mature sexually, reproduce and pass away by August 15. 

County records: Bremer, VII, 1923 (B. G. J.) ; Monona, VIII, 1932 
(Pearson), VII, 1936 (Eckhoff); Pottawattamie, V, 1930 (?), VII, 1934 
(Knutson) ; Story (Ames, Iowa) , old lately very dubious record; Wapello, 
VIII, 1931 (Moore); Woodbury, VII, 1936 (Eckhoff). 

CICINDELA CUPRASCENS var. MACRA Lee 

1857 Cicindela cuprascens var. macra LeConte, Trans. Amer. Philos. Soc., 
ser. 2, vol. 11, p 50. 

1913 Cicindela macra subsp. mercurialis Casey, Memoirs Coleop., vol. 4, 
p36. 

1916 Cicindela macra subsp. topekana Casey, Memoirs Coleop., vol. 7, 
p. 31. 

1920 Cicindela cuprascens var. macra Leng, Cat. Coleop. Amer., p 42. 

1930 Cicindela cuprascens var. macra Horn, Trans. Amer. Ent. Soc , vol. 
56, p 86. 

Len^ 11.5 to 13.5 mm. Dorsum dull greenish brown, faintly 
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bronzed; beneath metallic brassy green, trochanters rufoys, palpi pale. 
£l 3 rtra diensely but finely punctate; in the female emarginate externally at 
apex, forming an obtuse or rectangular subapical tooth, in the male feebly 
sinuate, tips prolonged slightly in both sexes. Markings complete, con- 
nected by marginal band, middle band often slender and tortuous; small 
spot at l^e of each elytron frequently connected to anterior portion of 
humeral lunule. Pubescence short, decumbent, moderately dense on 
front, occiput, and pronotum, very dense on cheek, thorax and sides of the 
venter. 

Distinguished from cuprascens by the duller color, less strongly 
punctate elytra, the less distinct subapical tooth of female elj^tra, and by 
slight prolongation of elytral tip in both sexes. 

species is widely distributed in Iowa; more common in the east 
and southern parts. It frequents stream banks, pond and lake shores, 
diowing a preference for silt covered bars exposed by receding water. 
During the hottest hours of the day, adults seek the protecting shade of 
sticks, stones and fissures in the soil. The dry summer of 1936 reduced 
the water level of many streams and exposed areas of wet, mud-covered 
sand on which macra were abundant in spite of the firm stand some dis- 
tance from the water. 

Occasionally this species is attracted to lights in towns situated along 
rivers. Adults appear early in July, live until about August 15. Evidently 
the life history does not differ from cuprascens. 

County records: Bremer, VTI, 1933 (Jaques); Clinton, VII, 1936 
(Eckhoff); Johnson, VII, 1898 (Wickham); Linn, VII, 1929 (Fitz), VH, 
1932 (Jay), VII, 1936 (Eckhoff); Louisa, VII, 1826 (H. M. Harris), VII, 
1936 (Eckhoff); Monona, VII, 1932 (Russell), VII, 1932 (Moore), VII, 
1936 (Eckhoff) ; Muscatine, VII, 1936 (Eckhoff) ; Pottawattamie, VI, 30, 
1932 (Barker) ; Scott, VII, 1936 (Eckhoff) ; Van Buren, VII, 1936 
(Eckhoff) . 

In addition to the above records Wickham (1911) records specimens 
from Black Hawk and Buchanan Counties. 

CICINDELA LEPIDA Dej. 

1831 Ctcindela lepida Dejean, Species gen. Coleop. coll. Dejean, vol. 5, 
p225. 

1913 Ctcindela lepida subsp. insomnis Casey, Memoirs Coleop., vol. 4, p 35. 
1920 Cicindela lepida Leng, Cat. Coleop. Amer., p 42. 

1930 Cicindela lepida Horn, Trans. Amer. Ent. Soc., vol. 56, p 86. 

Length 10.5 to 13 mm. Head and thorax greenish bronze; elytra 
creamy white with a few green or brown bronzed lines or splotches, dis- 
persedly punctate; beneaA brown or greenish bronze, appendages pale. 
Head, thorax and abdomen densely clothed by short, decumbent hairs. 

The species is very widely distributed but local and not abundant. 
It inhabits pure, usually dry sand such as might be found on the hi^er 
river banks or in the blowouts of sandy regions. Apparently nocturnal, 
it is collected near artificial lights at ni^t where it remains in the semi- 
darkness near an area of illumination. 

The adults appear early in July, feed only while cool temperatures 
prevail and spend the greater part of the hot daylight hours hidden under 
the surface of the sand. 
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County records: Story, (Ames, Iowa, Osbom) . 

Wickham (1911) records this species from Johnson and Potta- 
wattamie Counties. 


CICINDELA FORMOSA Say 

1817 Cicindela formosa Say, Jour. Acad. Nat. Sci. Phila., vol. 1, p 19. 

1913 Cicindela formosa sub^. luxuriosa Casey, Memoirs Coleop., vol. 4, 
p24. 

1920 Cicindela formosa Leng, Cat. Coleop. Amer., p 40. 

1930 Cicindela formosa Horn, Trans. Amer. Ent. Soc., vol. 56, p 79. 

Length 15 to 17 mm. Color above, cupreous red, often with a brassy 
luster, especially on the thorax; beneath, metallic blue with greenish 
reflections. Elytra feebly or not at all punctate, often granulate at the 
base; markings complete, connected at the margin, middle band trans- 
verse or only slightly deflexed. Front and ventral parts densely pubescent; 
prothorax bare dorsally, pilose at the lateral margins. 

With no confirmatory evidence formosa has been included as a prob- 
able resident of extreme northwestern Iowa where climatic conditions and 
topography practically duplicate their Nebraska habitat. Formosa and 
lengi frequently occur together. 

Seekers of this gaudy and wary beetle must scour the sand dunes and 
blowouts of a dry to semi-arid country during May and early June where 
it may be found hunting near, or concealed in, the shade of sparse vegeta- 
tion surrounding the areas of bare drift sand. Easily alarmed, this soecies 
will run into an open area and readily exercise its strong powers of flight. 
The life history given for var. generosa applies to this species. 

There are no positive Iowa records to date. 

CICINDELA PURPUREA Oliv 

1790 Cicindela purprea Olivier, Entomologie, vol. 2, p 14. 

1801 Cicindela marginalts Fabricius, Systema Eleutheratorum, vol. 1, 
p 240. 

1857 Cicindela spreta LeConte, Trans. Amer. Philos. Soc., ser. 2, vol. 11, 
p37. 

1920 Cicindela ramosa Gistel (in litt.) Leng, Cat. Coleop. Amer., p 40. 
1920 Cicindela superla Dahl (in litt.) Leng, Cat. Coleop. Amer., p 40. 
1920 Cicindela purpurea Leng, Cat. Coleop Amer., p. 40. 

1930 Cicindela purpurea Horn, Trans. Amer. Ent. ^c., vol. 56, p 79. 

1932 Cicindela purpurea Nicolay & Weiss, Jour. N. Y. Ent. Soc., vol. 40, 
p345. 

Length 13 to 15 mm. Color above wine red to cupreous red, sutures 
and margins metallic blue or green. Lateral plates of thorax metallic cup- 
reous bronze with green sutures, legs bronze, abdomen and ventral por- 
tions of head and thorax bluish green. Elytra slightly granulate; shallowly 
punctate: markings reduced to a short oblique middle band, apical and 
small anteapical spot. Prothorax distinctly narrowed at base; pubescence 
erect, moderately dense on front, thorax and legs. 

Typical purpurea has been included in the Iowa list although no 
soecimens have been observed. Wickham (1911) recorded purvvrea; 
however, he may have collected the green variety, now called auduhoni, 
and classified it as purpurm. 
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Auduboni occurs in the state and it is possible that true purpurea may 
be found. Shelford (1917) plate 27, extends the range of purpurea west- 
ward into eastern Iowa. 

Life history and habits related for auduboni apply to this species. 

County records: King (1914) records this i^cies from Henry 
County; Wickham (1911) records this species from Howard, Johnson 
and Story Counties. 


CICINDELA LONGILABRIS Say 

1824 Cidndela longilabris Say, Keating’s Exp. to Source of St. Peters 
River, App. vol. 2, p 16. 

1837 Cidndela albtlabrts Kirby, The Insects in Richardson’s Fauna 
Boreali-Americana, vol. 4, p 12. 

1920 Cidndela longilabris Leng, Cat. Coleop. Amer., p 41. 

1930 Cidndela longilabris Horn, Trans. Amer. Ent. Soc., vol. 56, p 82. 

Length 13 to 16 mm. Color above dark brown or black; beneath 
dark metallic blue, often with greenish reflections. Elytra roughly granu- 
late punctate; marking inconspicuous, composed of a narrow, occasionally 
broken, sinuate middle band, humeral, posthumeral and anteapical spots. 
Pubescence above consists of a few setae at the sides of the thorax, on the 
antennal scape and beside the eyes; beneath, distant erect hairs appear on 
the thoracic pleura, abdomen and appendages. Characterized by the 
elongate labrum and peculiar depression or excavation above the front 
between the eyes. 

This species has not been recorded in Iowa; however, there are rec- 
ords from Wisconsin and Illinois, Leng (1920) ; Minnesota, Horn (1928) ; 
and Nebraska, Horn (1930) . 

Wickham (1898) found the species at Bayfiield, Wisconsin, during 
June and July frequenting hard, bare spots in woodland roads or paths. 
Dr. J. L. LeConte says that it frequents paths in grassy and bushy places, 
taking refuge in herbage if disturbed. 

CICINDELA FULGIDA Say 

1823 Cidndela fulgida Say, Jour. Acad. Nat. Sci. Phila., vol. 3, p 141. 

1920 Cictndela fulgida Leng, Cat. Coleop. Amer., p 41. 

1930 Cidndela fulgida Horn, Trans. Amer. Ent. ^c., vol. 56, p 82. 

Length 11 to 12.5 mm. Color above polished brilliant to blackish red; 
beneath, light metallic green. El 5 ^ra densely and coarsely punctate, punc- 
tures without metallic colors. Markings of el 5 rtron broad but not con- 
nected, composed of an obliquely elongate humeral lunule, a sinuate 
middle band without a marginal line and a complete apical lunule. 
Pubescence of thorax, palpi, and legs strong, bristle like; of front dense, 
virtually cropped. Labrum inconsistently dentate, variable from distinctly 
tridentate to feebly one toothed. 

In view of the data given below, this species has been listed as pos- 
sibly present in Iowa, however, the wegiht of evidence is not highly 
convincing. 

Horn (1928) lists fulgida occurring in Minnesota from an imrecorded 
locality. Horn (1930) gave the distribution “between New Mexico, Iowa, 
Manitoba, Montana and Colorado.” The Nebraska collection contains 
many specimens taken at the edge of the salt flats near Lincoln. 
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aClNDELA PATRUELA Dej. 

1825 Cicindela patruela Dejean, Species gen. Coleop. coll. Dejean, vol. 1, 

p62. 

1920 Cicindela montana Hentz (in litt.) Leng, Cat. Coleop. Amer., p 41. 
1920 Cicindela patruela Leng, Cat. Coleop. Amer., p 41. 

1930 Cicindela sexguitata var. patruela Horn, Trans. Amer. Ent. Soc., 
vol. 56, p 83. 

Length 13 to 15 mm. Color above dull green, beneath metallic bluish 
green. &.ytra coarsely granulate, obscurely punctate; marked by a 
slightly deflexed middle band, humeral, posthumeral, anteapical and 
apical spots. Front glabrous; prothorax mc^erately pubescent beneath; 
metastemum and met-epistema densely pilose; abdomen with few hairs. 
Form more robust than that of sexguttata with which it is sometimes 
confused. 

No Iowa records of patruela have been obtained; however, it has been 
recorded from Minnesota, Horn (1928) , who also gives the distribution 
‘‘between Georgia, Vermont, Minnesota and Colorado” in his 1930 list. 
Specimens collected by the author at Ansley, Nebraska, April, 1934, 
verify a greater westward range than previously suspected. Here the 
adults appeared during April on the warm side of clay hills which sup- 
ported scattered clumps of blue stem grass and patches of plum brush. 
Eastern specimens are foimd on grassy hillsides in or near wooded areas; 
on rou^, stony, semi-barren soil; or on bare spots in woods where they 
behave somewhat like sexguttata. 

CICINDELA RUFIVENTRIS Dej. 

1825 Cicindela rufiventris Dejean, Species gen. Coleop. coll. Dejean. vol. 

1, p 102. 

1913 Cicindela rufiventris subsp. collusor Casey, Memoirs Coleop., vol. 4, 
p39. 

1920 Cicindela rufiventris Leng, Cat. Coleop. Amer., p 42. 

1930 Cicindela rufiventris Horn, Trans. Amer. Ent. Soc., vol. 56, p 84. 

Length 9 to 11 mm. Color above dark brown, with a sooty appearance 
caused by the large, shallow, greenish blue elytral punctures; head and 
prothorax bronze above, metallic blue beneath; abdomen reddish or 
orange. White markings of elytra inconspicuous, composed of humeral, 
marginal, anteapical and apical dots, in addition to the oblique, often 
broken middle band. Front glabrous, pubescence beneath sparse, largely 
decumbent. 

Apparently a localized species sporadically collected in eastern 
United States it has been taken in Nebraska thus extending the range 
westward across Iowa although there are no Iowa records. 

•The species occurs on “^obs” and upland hills usually on clay or 
sandy clay soils which supports stimted vegetation. It was observed and 
collected by the author near Ansley, Nebraska, (April, 1934) on the sides 
of steep, sandy clay hills where is scurried about the open spaces between 
grass clumps. 
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Let Xi, X 2 , . . . , Xn be a set of N normally and independently dis- 
tributed variables. TTie joint distribution function of the Xi is: 

(1) f (xi, Xo, . . . Xn) dxi dxo . . . dxN 

= (2k) e + • • + x*N> dxt dx 2 . . . dxw 

We define a simunetric quadratic form in the variables Xi, i. e., 

(2) Q = a (x^ + x^a + . . . + x^n) + 2b txiX 2 + XiXs + . . . +Xn-iXn) , 

where the coefiBicient of all the squares, a, and the coefficient of all the 
products, b, are real numbers.^ We want to establish the distribution of 

the quadratic form Q by means of the method of characteristic functions.* 
The characteristic function of y, say g(y) , is deiinied as: 

+ «» +00 

(3) g(y) =/.../ e*’<*fdxi ... dxN 


+ 00 +00 

= J*. . .X(2ji)"^^ -^x=N)+iiyb(xiX2+ +xp, ix^) 0-i(x*i+ +XN>*dxi . . .dxN. 

00 — oo 


The exponent of the integrand appears as: 

(4) — % [ (1 — 2iay) (x*i + . . . + x*n) — 4iby (xiXa + 


, . Xn-1 Xn) ] . 


Hie expression in brackets can be transformed by an orthogonal trans- 
formation with the following determinant: 


( 5 ) 


(1 — 2iay) , — 2iby, . . 
— 2iby, (1 — 2iay) , . . . 


■2iby 

•2iby 


— 2iby, — 2iby, .... (1 — 2iay) 

The characteristic function is finally, by integration: 


= {l-2iy[a-|-(N-l)b]} 
• [l-2iy(a-b) ]*»'!. 


W g (y) = D-‘ = {1 - 2iy[a + (N - 1) b] } *[! - 2iy (a - b) 

^Journal Paper No. J-916 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 557. 

’Hie author has to thank Professors S. S. Wilks (Princeton) and H. HoteUing 
(Columbia) as well as Dr. A Wald (Cowles Commission, Colorado Springs) for kind 
help and viduable suggestions. 

*M. S. Bartlett and J. Wishart: The Distribution of Second Order Moment 
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distribution of Q, say D(Q) dQ, is estaUisbed in tbe following 

(7) D(Q) =-^ S e*‘*'g(y)dy 

—00 

= ^ / e ‘^{l-2iy[a+(N-l)b]}-»[l-2iy(a-b)]-*<N-‘)dy. 

—00 

llie integrand in (7) can be transformed in the following way: 

(8) e-“»»'{l— 2iy [a+ (N— l)b] 2iy (a— b) 


= e-‘<to'[a+(N-l)b]-*(a-b)-*'''-» ( 

•v-i=b-ay) 

= e-'<U'[a+(N-l)b]-»(a-b)-»<«-» ( 

( 


a+(N-l)b 


-^r 




Nb 


(a-b)ta+(N-l)b] a+(N-l)b 


a+ (N-l)b 
1 


-2iy, 


= e-*<to[a+ (N-1) b]-‘ (a-b) 

'a+(N-l)b 


-2iy ) * 




Nb 


r)C 


(a— b) [a+ (N— l)b] ^ a+ (N— l)b ^ 
The last term in braces can be developed in terms of 

^ a-f (N— l)b becomes: 

r*Qy[a+ (N-l)b]-i(a-b)-i<N-i) { ( 


-2iy) j 


-1 ) -KN-l) 


(9) 


(%N-%) 
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a+(N-l)b 


\-|N 

-2iy> 


Nb 


)(: 


(a-b)[a+(N-l)b] ''r+(N-l)b 
Nb y 




, (y2N-^) (y2N+% ) ^ 

2! '(a-b)[a+(N-l)b] 


•( 


a+(N-l)b 


-2iy 


L -iN-2 


remember that by the 


Foorier Integral, for Pmctical Appli- 
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( 10 ) 


+00 
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a+ (N-l)b 


-2iy 


) dy 


-n (Q 

= V I 

(m-1)! '2 

Hence the distribution of Q finally becomes: 


(11) D(Q) = 


2n V [a+ (N— 1) b] (a-b) 
f (%Q) iN-i (%N-ya) (%Q) IN / 

1(%N-1)! 1!(V2N)! ' 

(%N-y2) (%N+%) (V2Q)*^-^ 


Nb 


) 


(a-b)[a+(N-l)b] 

Nb I 


2! (%N+1) ! ' (a-b) [a+ (N-l)b] 

e-«j/2[«+(N-i)b] (%Q)iN-i 


2n (y 2 N-l) ! V [a4- (N-1) b] (a-b) n-^ 

/ N I N -NbQ \ 

' 2’ 2 (a-b) [3+ (N-1) b] ^ 

where iFi denotes the generalized hypergeometric function.® 


Define Fa (z) = 


(z/2) 


la-1 


2(i/oa— 1)! 


the distribution of z == ior a degrees 


of freedom.^ Then the distribution of Q can be expressed in terms of these 
distribution.*" 


a21 . /[a+(N-l)b]N» f / 

^ ^ ^ (a— b)(Nb)N-' r’'''(a— b) 


Q 


(%N-%) (Nb) 
1 ! 


N+2 


( 


Ca+ (N-l)b] 

Q ) 


) 


(a-b)[a+(N-l)b] 


(i/ 2N-%) (yaNH-^) (Nb)*^ 
2 ! 


Q 


?N+4 


(a-b)[a+(N-l)b] 




This form is probably the most convenient one for calculations, since the 
distribution has been frequently tabulated.® 


* G. N. Watson: A Treatise on the Hieory of Bessel Functions. Cambridge, p. 100. 
1922. 

’ S. S. Wilks: op. cif., p. 32. 

* This formula is due to Mr. S. S Wilks. 

* See e. g. R. A. Fisher: Statistical Methods for Research Workers. 4th ed., London^ 
pp. 104 f . 1932. 




the effect of the ingestion of irradiated yeast, 

MOLDS, AND ERGOSTEROL ON THE ANTIRACHrnC 
POTENCY OF EWE’S MILK* 

William Gordon Kirk* 

From the Aninuil ChenUetry and Nutriti<m Suhsectum, Iowa Agricultural Experiment 
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Received March 10, 1939 

It is known that the ingestion of antirachitic supplemental feeds by 
the cow greatly increases the vitamin D potency of her milk, but no data 
are available lowing the effects of antirachitic feeds on the vitamin D 
potency of the milk of the ewe. Ihe experiment reported herein, and a 
similar one conducted simultaneously with cows (4) , was undertaken to 
determine the effect of supplemental feeding of irradiated yeast®, molds 
and ergosterol to ewes and also the effect of exposure of ewes to sunshine 
and ultra-violet light on the vitamin D activity of their milk. Criteria for 
the effect of the antirachitic feeds and irradiation were the rate of increase 
and maximum increase in the vitamin D content of the butter fat during 
the supplemental period, and the rate of decrease during the post-supple- 
mental period. 


PRELIMINARY EXPERIMENT 

Three lactating ewes, A, B, and C selected from the main flock, were 
used during the preliminary experiment. Throughout the experimental 
period they were kept inside and fed a basal ration of alfalfa hay, com, 
and oats. 

Ewe A was given a supplemental feeding of 7,895 Steenbock rat units 
(3) of vitamin D as irradiated yeast daily for 8 days. Ewe B received 
21,429 rat units of vitamin D as irradiated molds daily for 28 days, whereas 
ewe C was exposed to the ultra-violet rays from a Cooper-Hewitt mercury 
vapor lamp for 30 minutes daily throughout the 28 days. 

It was found by biological assays that 9.5 grams of butter fat, pre- 
pared from a composite sample of milk from ewes A, B, and C collected 
previous to the feeding of irradiated yeast and molds or direct irradiation, 
were equivalent to one Steenbock rat unit of vitamin D. An assay of the 
butter fat produced by ewe A on the seventh and eighth days of the 
supplemental period showed that 1.2 grams contained more than a rat 
unit of vitamin D. This was more than a seven-fold increase in the vitamin 
D potency over that of the pre-supplemental butter fat. A sample of butter 
fat prepared from the milk of ewe B collected on the twenty-third, twenty- 
fourth, twenty-fifth, and twenty-sixth days of the supplemental peri^ 
showed that 0.25 gram was equivalent to a rat unit of vitamin D. This 
was a thirty-seven-fold increase in the antirachitic activity of the butter 

* Journal Paper Number J-634 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No 96. 

* Abstract of aufiior’s Doctoral Hiesis No. 289. Library, Iowa State College. 

* The dried molds and irradiated ergosterol, and the yeast used in ^ese experi- 
ments were contributed by Acetol Products, Inc., New Brunswick, N. J., and the 
Fleischmann Laboratories, New York, N. Y., respectively. 
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fat produced by feeding irradiated yeast. Ei^t grams of butter fat pre- 
pared from the milk produced by ewe C at the end of the third and f ouxih 
weeks of the irradiation period when fed to rachitic rats did not cause any 
calcification in the rachitic metaphyses of the radii and ulnae. An assay 
of a composite sample of butter fat prepared from milk produced by the 
main flock, which was on summer pasture, indicated that 9.5 grams con- 
tained more than one rat unit while 8.5 grams contained less than one rat 
unit of vitamin D. 


EXPERIMENTAL 

The results obtained in the preliminary test were used as a basis in 
outlining the main experiment. Since experimental work had shown that 
the ingestion of irradiated ergosterol by cows was a means by which the 
vitamin D content of their milk could be increased the experiment was 
enlarged to include a group of ewes fed this antirachitic supplement. 

Nineteen grade Hampshire ewes, from 3 to 6 years of age, weighing 
from 150 to 210 pounds, were used. Previoxis to lambing, all Ihe ewes had 
access to winter pasture and in addition were fed a liberal allowance of 
alfalfa hay and a grain mixture consisting of com and oats. 

To facilitate the collection of milk from the lactating ewes the lambs 
were kept separate from their dams except for three hours immediately 
following the morning and evening milkings. Samples of butter fat were 
prepared from the milk obtained from each of the ewes fed irradiated 
yeast, molds, and ergosterol, and from samples of milk obtained at regular 
intervals throughout the test period fmm ewes fed no antiradiitic 
supplement. 

Rats which had been rendered rachitic were used for the biological 
assays of the various butter fat samples for vitamin D by the procedure 
outlined by Steenbock and co-workers (2) . Butter fat from the milk of 
experimental ewes was fed to the rachitic rats by means of a 1 cc. pipette 
calibrated to deliver the fat at 35° to 40° C. The “line test” method de- 
veloped by McCollum and associates (1) was used to determine the 
amount of vitamin D in the various samples of butter fat. Groups of six 
to ten rachitic rats were fed at the level of butter fat which most closely 
approximated a rat -unit of vitamin D, and a similar number of rats were 
fed these butter fat samples simultaneously at levels 10 per cent above and 
10 per cent below this amoimt. 

As the 19 ewes lambed they were allotted in five groups A, B, C, D, 
and E, of three ewes each and two groups, F and G, of two ewes each. 
Groups A, B, C, D, and E were kept in a combination shed and dry lot, 
while group F was kept in a darkened room, and group G on pasture. 
Groups A, B, C, D, and E were maintained through Aree successive feed- 
ing periods; a pre-supplemental period of 6 to 12 days, a supplemental 
period of 35 days, and a post-supplemental period of 28 days. The basal 
ration consisted of alfalfa hay and two poimds per ewe per day of a grain 
mixture of ground com 33.0, ground oats 66.5, and sodium chloride 0.5 
parts by wei^t, respectively. Supplements to this grain mixture con- 
sisted of sufficient irradiated yeast or molds previoiisly assayed, to supply 
the antirachitic factor in the desired amoimt. The irradiated ergosterol 
was added to enough com oil to make up 2 per cent of the grain ration. 
Each ewe in groups A, B, and C was fed daily 2,500, 7,500, and 15,000 rat 
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units, respectively, of vitamin D as irradiated yeast, while eadi ewe in 
group D received 7,500 rat units of vitamin D as irradiated, molds and 
group E 7,500 rat units of vitamin D as irradiated ergosterol. 

It was shown Iw biological assays that 9.5 graxns of the butter fat pre* 
pared from the milk produced by each group of ewes dtuing the pre- 
supplemental period were equivalent to one rat unit of vitamin D. At the 
end of the fifth week of the supplemental period only 3.5 grams of butter 
fat from the ewes in group A, 1.4 grams from &e ewes in group B, 0.65 
gram irom the ewes in group C, 1.32 grams from the ewes in group D, and 
2.7 grams from the ewes in group E were required to equal one rat imit 
of vitamin D. The greatest increase in the vitamin D potency of the butter 
fat took place diiring the first ei{^t days of the supplemental period and a 
further increase was at a decreasing rate. The irradiated yeast and molds 
when fed to lactatmg ewes at the 7,500 rat unit level were equally efiScient 
as a means of increasing the antirachitic potency of the butter fat whereas 
irradiated ergosterol at the same level 'of fee^g was about one-half as 
efficient. 

The rate of decrease in the antirachitic potency of ewe’s milk or 
butter fat during the first two weeks after supplemental feeding had 
been discontinued was very rapid. At the end of the four-week post- 
supplemental period the antirachitic activity of the butter fat approached 
but did not reach the low level of activity of the butter fat product during 
the pre-supplemental period. 

The ewes in group F were kept in a darkened room and on a dry feed 
for 81 days with no apparent change in the antirachitic activity of their 
butter fat. At the beginning and at the end of this period 9.5 grams of 
butter fat were required to equal one rat unit of vitamin D. At the end of 
this time their faces were irradiated for two hours daily throughout a 
14-day period with a Cooper-Hewitt mercury vapor lamp. The butter fat 
collected on the thirteen^ and fourteenth days of the irradiation period 
had a vitamin D potency such that 7.5 grams were equal to one rat unit. 
This indicated that exposing the faces of the ewes to direct ultra-violet 
rays was only slightly effective as a means of increasing the antirachitic 
activity of the milk. Exposing the ewes in group G to summer sunshine 
and green pasture did not change the antirachitic potency of their butter 
fat. 


MILK PRODUCTION 

Fovur ewes, A-2, A-3, B-2, and E-3, did not have lambs suckling them. 
Daily records were kept of the amount of milk produced by each. Samples 
of milk were taken for butter fat, calcium, and phosphorus determinations. 

The average daily milk yield during the 35-day supplemental period 
was 894 grams for A-2, 1,050 grams for A-3, 2,301 grams for B-2, and 
1,075 grams for E-3. 

Butter fat determinations were made of the milk produced by the 
four ewes cm three successive days during the pre-supplemmital period, 
at the end of each week during the supplemental period, and at the end 
of the second and fourth weeks of the post-supplemental ^riod. The 
percentage of butter fat in the milk ranged from 5.15 for the milk produced 
by A-3 at the end of the second week of the supplemental periM to 9.18 
for the milk produced by B-2 at the end of the foiuih week of the post- 
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supplem^tal period. The day-to-day variations in the butter fat content 
of the milk collected during the pre-supplemental period were as great as 
the variations from week-to-week in the supplemental and post-supple- 
mental periods. 

Determinations of calcium and pho^horus content of the milk pro- 
duced by each of the four ewes were made at the end of the pre-supple- 
mental period, at the end of the second and fifth week of the supplemental 
period, and at the end of the fourth week of the post^supplemented period. 
The average calcium content of the milk produced by die four ewes for 
each of the above periods was 0.20, 0.20, 0.20, and 0.22 per cent, while the 
phosphorus content for these same four periods was 0,15, 0.16, 0.16, and 
0.16 per cent. The percentage of calcium in the milk ranged from 0.18 for 
A-3 at the end of the pre-supplemental period to 0.23 for B-2 at the end 
of the fourth week of the post-supplemental period. The range in phos- 
phorus content of the milk samples analyzed was from 0.12 per cent for 
B-3 for a sample collected in the pre-supplemental period to 0.19 per cent 
for A-3 at the end of the fourth week of the post-supplemental period. 
The variations in calcium and phosphorus content seemed to be due to 
the individuality of the ewes rattier than to any dissimilarity in their care 
or ration. 


CONCLUSIONS 

Milk produced by nursing ewes contains small quantities of vitamin 
D. The exposure of the experimental ewes to summer feeding conditions 
did not influence the vitamin D content of their milk. The addition of 
irradiated yeast, irradiated molds or irradiated ergosterol to the ration of 
the lactating ewe definitely increased the antirachitic potency of the milk. 
Irradiated yeast and molds were used by lactating ewes with approxi- 
mately equal efficiency to increase the antirachitic activity of the butter 
fat produced. Irradiated ergosterol was found to be approximately one- 
half as efficient for this purpose as irradiated yeast and molds when fed 
at equivalent levels. The antirachitic potency of the butter fat decreased 
rapidly after the vitamin D supplemental feeding was discontinued. 
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In 1937 a review of mammalian occurrences in Iowa was prepared 
(Scott, 1937) as an introduction to a proposed intensive investigation of 
intrastate distribution. This review included 63 species and subspecies of 
recent occurrence and 17 for whidi evidence of former or current exis- 
tence might be shown with continued research. During the period, No- 
vember 1, 1937, to November 1, 1938, approximately 400 specimens of 
mammals from Iowa were preserved in the Iowa State College Collection; 
among these, 15 species and subspecies have been identified as additions 
to the collection. This new material furmshed evidence that changes in 
the State list were required. 

All the material here represented, except the weasels, has been 
identified in the Section of Wildlife Surveys, United States Biological 
Survey. For this assistance acknowledgment is made to Dr. H. H. T. 
Jackson and A. H. Howell. The weasel specimens were identified by Dr. 
E. R. Hall, of the University of California. 

So far as the writer knows, the three species and subspecies here 
listed have not been recorded previously from Iowa in a published report 
supported by specimens. 

Pipistrellus suhflavus suhflavus (F. Cuvier) 

GEORGIAN BAT 

Allen (1871) listed the Georgian bat from Iowa on known distribu- 
tion; Van Hyning and Pellett (1910) recorded it without comment. Miller 
(1897, p. 91) wrote of the distribution: “Austral zones and casually parts 
of Transition zone in Eastern United States, from the Atlantic Coast west 
to Iowa and eastern and southern Texas*” 

Specimens examined: 

Dubuque County, Dubuque; No. 116 a; Iowa State College Col- 
lection; No. 117a; now in U. S. Biological Survey Collection, 
No. 263853. 

Jackson County, Maquoketa, Maquoketa State Park; No. 90a; 
Iowa State College Collection. 

Mustela rixosa subsp. 

LEAST WEASEL 

The remains of weasels from two pellets of the great homed owl 
(Bubo virginianus virgimanus) have been referred to Mustela rixosa. 
One of the pellets was collected during the winter of 1933-34 from Section 

* Journal Paper No. J-629 of the Iowa Ajiricultural Experiment Station. Project 
No 498 In cooperation with the United States Biological Survey, the American Wildlife 
Institute, and the Iowa State Conservation Commission. 
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28» Highland Township, Wapello County; the other, a freshly regurgitated 
pellet, was collected at Emmetsburg, Palo Alto County, on May 16, 1934* 
These occurrences suggest an extensive intrastate distribution. 

Mustela frenata primulina Jackson 

MISSOURI WEASEL 

The two i^ecimens of the Missouri weasel that have been added to 
the Iowa State College Collection were taken from very near the zone of 
intergradation with spadix. 

Specimens examined: 

Boone County, Worth Township, Section 21; No. 119a; Iowa State 
College Collection. 

Dubuque County, Mississippi River, 5 mi. SE of Dubuque; No. 
140a (skull only) ; Iowa State College Collection. 

REINTERPRETATION 
Myotis subulatus suhulatus (Say) 

SAY BAT 

Vespertilio suhulatus Say, Long’s Exped. Rocky Mts. vol. 2, p. 65. 

Type Locality: Arkansas Kver near La Junta, Otero County, Colo. 
Vespertilio suhulatus Allen, 1871, p. 187; Osborn, 1890, p. 42. 

Vesperitillio (sic) suhulatus Coding, 1883, p. 330. 

Myotis suhulatus Van Hyning and Pellett, 1910, p. 215. 

A preserved specimen of suhulatus has b^n uncovered in the Iowa 
State College Museum to provide for inclusion of this bat in the State 
list. References to suhulatus in former lists were interpreted as misidenti- 
fications of Myotis keenii septentrionalis and were included in the syn- 
onomy for this subspecies by Scott (1937). Reinterpretation is offered 
in the above synonomy. This synonomy is limited to tihe original descrip- 
tion and to records from the lists of Allen (1871) , Coding (1883) , Osborn 
(1890), Van Hyning and Pellett (1910), Ruthven and Wood (1912), 
Stoner (1918) , and Gabrielson (1921) . 

Osborn (1892) represented his list of Iowa mammals as having been 
supported by preserved specimens in the Iowa State College Museum. 
Osborn recorded suhulatus in both his lists (1890 and 1892) ; however, 
like most of the specimens in support of Osborn’s paper, the preserved 
specimen of suhulatus could not be found. The specimen of suhulatus 
recently imcovered in the museum is clearly tagged as having been taken 
at Ames on May 12, 1883, by A. M. Quist. As the date of collection of this 
specimen antedates Osborn’s publication, it is more than probable that it 
is a specimen examined and preserved by him or under his direction. 
Van Hyning and Pellett (1910) are scarcely justified in listing suhulatus 
as bommon throughout the State. 

Miller and Allen (1928, p. 168) wrote of the distribution of this sub- 
species: “Arid plains and eastern Rocky Moimtain region from Kansas 
and southeastern Colorado north to Montana.” 

Specimen examined: 

Story Coimty, Ames; No. 257a; now in U. S. Biological Survey 
Collection. 
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HVPOTHErnCAL OCCURRENCE 
Rangifer sp. 

CABIBOU 

A fragment of antler, probably from a brow tine of a caribou, was 
collected in a stream bed near Logan, Harrison County, by Charles 
Yociuxl Hus brings up the question of the occiurence of t^ mammal in 
Iowa. Hie fragment was loaned to Iowa State College for examination 
and is preserved in the Yocum private collection. 
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BIOLOGICAL ASSAY OF FEEDING STUFFS IN A BASAL RATION 
FOR COCCIDIUM-GROWTH-PROMOnNG SUBSTANCE^ 

III. DRIED FISH MEAL, ALFALFA MEAL, WHITE WHEAT FLOUR 
Elert R. Becker and Philip C. Waters 
From the Department of Zoology and Entomology, Iowa State College 
Received April 5, 1939 

This is the third report of a series in the biological assay of feeding 
stuffs in basal ration for hypothetical coccidium-growth-promoting sub- 
stance. The procedure for making the assays was that employed by 
Becker and Derbyshire (1937) . W-values and F-values are to be defined 
as in the second report (1938) by the same authors. 

ASSAY OF DRIED FISH MEAL 

Whiting canned in tin and marketed for feeding poultry was pur- 
chased from the packer on the Atlantic Coast. According to information 
supplied by the distributor, the canned wet product contained 18.8 per 
cent protein. It was dried at 72° C. in an electric oven for 24 hours, ground 
to a powder in a coffee mill, and fed in the basal ration at the 10 per cent 
level. The dried product should have contained not less than 60 per cent 
protein. 


TABLE 1. Oocyst counts and weight gams for rats on 4 per cent dried yeast and 10 per 

cent meal (dried “ATCO”) 




(1) 

Reference series 

(2) 

Test series 

Ratio(2);(l) 



Wei^t 


Wei^t 





Rat 

gain 

Oocysts 

gain 

Oocysts 

Wei^t 

Oocyst 

Trial 

number 

(gm.) 

(10*) 

(gm.) 

(ic) 

gains 

1 cotmts 


1 

Died 

Died 

26 

22 




2 

36 

107 


32 




3 

43 

76 

22 

27 




4 

39 

39 

19 

19 



1 

5 

40 

99 

17 

10 




6 

33 

35 

25 

23 




7 

43 

53 

10 

19 




8 

44 

61 

24 

18 




Mean 

39.7 

67.14 

20.4 

21.25 

0.51 

0.32 


9 

22 

93 

14 

58 




10 

27 

146 

19 

17 



2 

11 

17 

175 

8 

30 




12 

24 

141 

15 

46 




13 

25 

104 

10 

21 




Mean 

23 

131J 

13 

34.4 

0JS7 

0.26 

w 






0.534 


F 







0.30 


* Supported in part Iqr grants from die American Academy of Arts and Sdencea, 
and the Industrial Science Research Institute at Iowa State College. 
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TaUe 1 summarizes the results. The W-value of 0.534 indicates that 
growth was seriously impaired althou^ the animals were on the rations 
only 16 days before the last wei^dung. Tests were not carried out to 
ascertain in what respects the fish was incomplete, since the immediate 
omcem of the authors was with the effect on the parasite rather than 
the host The F-value of 0.30 is presumed to indicate for the fish meal a 
paucity of the materials necessary for coccidium>growth. The F-value is 
very close to that of 0.311 previously reported (1937) for meat scraps, but 
the W-value is almost 5 times as hi^ as for the meat scraps. 

ASSAY OF ALFALFA MEAL 

The particular alfalfa meal fed in this experiment was a brand manu- 
hictured in the West, and declared to contain at least 13 per cent protein. 
Since alfalfa meal is bulky and contains much fiber (about 30 per cent) , it 
was fed at the 15 per cent level rather than at that of 30 per cent previously 
adopted for stuffs containing less than 30 per cent protein. 


TABLE 2. Oocyst counts and weight gains for rats on 4 per cent dried yeast and IS per 

cent alfalfa meal 


Trial 


(1) 

Reference series 

(2) 

Test series 

Ratio (2):(1) 

Rat 

number 

Weight 

gain 

(gm.) 

Oocysts 

(10*) 

Weight 

gain 

(gm.) 

Oocysts 

(10*) 

Weight 

gains 

Oocyst 

counts 


1 

49 

166 

47 

198 




2 

47 

272 

27 





3 

33 

111 

29 

258 




4 

39 

354 

32 

336 



1 

5 

44 

201 

33 

594 




6 

45 

152 

38 

201 




7 

48 

171 

40 





8 

41 

165 

26 

198 




9 

48 

. . • 


292 




Mean 

43.8 

199 

U 

279.8 


1.41 


10 

41 

167 

33 

326 




11 

49 

226 

35 

384 




12 

45 

216 

31 

272 



2 

13 

52 

215 

34 

375 




14 

44 

281 

27 

286 




15 

49 

176 

39 

267 




Mean 

46.7 

213.5 

33.1 

318.3 


1.49 


16 

41 

158 

44 





17 


133 

22 

266 




18 


110 

31 

118 




19 


164 

23 

234 



3 



123 

31 

242 




21 


159 

42 

219 




22 


201 

28 

214 




23 


185 

32 

302 




Mean 


154.1 

31.6 

224.9 


1.46 

w 






0.76 


F 







1.45 
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The W-value of 0.76 as diown in table 2 indicates that growth on the 
alfalfa was only about three-fourths as good as on the 4 pe^ cent yeast. 
This is somewhat surprising, since bri^t green alfalfa is known to contain 
considerable amounts of vitamins A, B, D, E, and G. 

Dei^ite restricted host-growth, the F-value was 1.45, a relatively hi^ 
figure. Presumably, then, alfalfa contains liberal amounts of the hypo- 
thetical material or materials necessary for coccidium-growth. 

ASSAY OF WHITE WHEAT FLOUR 

In previous papers we reported that the W- and F-values for whole 
wheat were 1.628 and 0.922, respectively; for wheat bran, 1.73 and 1.91; 
for wheat middlings, 1.72 and 2.65. Hence, it seemed logical to test the 
white flour. The particular brand employed was a widely used, nationally 
advertised brand. It was fed at the 30 per cent level. 

The results of the experiment summarized in table 3 yielded a W- 
value of 0.59 and an F-value of 0.52. Thus white wheat flour was far 
inferior to wheat, wheat bran, or wheat middlings in sustaining both host- 
growth and parasite-growth. 

DISCUSSION AND SUMMARY 

Since this completes, for the present at least, our program of assaying 
feeding stuffs for their “coccidium-growth-stimulating properties,” it 


TABLE 3. Oocyst counts and weight gains for rats on 4 percent dried yeast and 30 per 

cent white wheat flour 
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seems desirable to summarize briefly in semi-tabular form the stuffs tested 
in the order of their F-values (W-values in parenthesis) : 


Feeding Stuffs F (W) 

Dried fish (whiting) 0.30 (0.53) 

Meat scraps 0.31 (0.11) 

Yellow com 0.47 (1.092) 

Oat hulls 0.49 (0.69) 

Soy bean oil meal 0.51 (1.00) 

White wheat flour 0.52 (0.59) 

Hulled oats 0.59 (1.25) 

Whole wheat 0.92 (1.63) 

Linseed oil meal 0.94 (0.80) 

Barley 0.98 (0.92) 

Alfalfa meal 1.45 (0.76) 

Rye 1.83 (1.50) 

Wheat bran 1.91 (1.73) 


Wheat flour middlings (gray shorts) .... 2.65 (1.73) 


The summary depicts most strikingly the extent to which the number of 
oocysts eliminated during experimental coccidium infection can be con- 
trolled through the composition of the ration. 

In one of the previous papers (1937) it was emphasized that the 
extent of the parasite’s (Eimeria nieschulzVs) reproduction in its host, as 
measured by oocyst counts, is not simply a function of the rate of growth 
of the host. While, admittedly, the summary shows a certain degree of 
correlation between F-values and W-values, there are pertinent examples 
to support our previous contention: (1) Yellow com, with a slightly 
higher W-value tfian barley, has an F-value less than half as great; (2) soy 
bean oil meal has a W-value of 1.00 which exceeds that of white wheat 
flour by about two-thirds, but the F-values are approximately the same; 
(3) there is little difference between the F-values for wheat and linseed oil 
meal, but the W-value of the former is twice that of the latter. A number 
of similar comparisons are apparent. 

Likewise, the previous conclusion that the differences in oocyst 
coimts are not attributable to the amount of fiber in the supplement is 
further borne out; for example, alfalfa meal and oat hulls both contain 
about 30 per cent crude fiber, but the former’s F-value is approximately 
three times the latter’s. Numerous other examples could be given to 
support the contention regarding fiber. 

At the present time no better hypothesis can be devised to explain 
the differential effects of the supplements on the coccidium population 
than the one previously stated by Becker and Morehouse (1937) ; namely, 
that there occurs in many feeding stuffs, often in association with vitamins 
B and G, a peculiar nutrient of the coccidium. It is our present intention to 
make this hypothesis the central problem of future investigation. 
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During the last 40 to 50 years the human population has increased 
rapidly in Brazil as in other tropical coimtries. Ibe older cities are becom- 
ing more populous and new cities are arising. Hie urban population and 
the consumption of milk and milk products have increased together. 

For several reasons, among wWch may be cited easy transportation, 
nearness to the markets, and natural conditions suitable for cattle raising, 
the southern and southeastern regions of the State of Minas Gerais are 
important sources of milk for the cities of Rio de Janeiro and Sao Paulo. 

The native stock and Brahman breeds could not satisfy the demand 
for fresh milk. To solve this problem, the Federal (Ministerio) and State 
(Secretaria) Departments of Agriculture have imported animals of 
European dairy breeds, notably Holstein-Friesian, Jersey, Guernsey, 
Brown Swiss^ and some dual-purpose cattle, such as Simmenthaler and 
others. The main objectives of these importations were to increase the 
number of purebred cattle, raised chiefly in the Experiment Stations, and 
to provide purebred bulls for lending to farmers for crossbreeding 
purposes. 

The imported breeds have been crossed with native and Brahman 
cattle so that there are now found in these regions of the state crossbreds 
of various and partly unknown degrees of crossing. 

The grading up method of breeding was recommended, as in other 
countries, but in general this process has failed, and the farmers are trying 
to develop a new type capable of thriving under the farm conditions of 
these regions. The practical experience of the breeders establishes that: 
(a) the Brahman and native cows are resistant to environmental condi- 
tions, but they are in general poor producers; (b) the purebred cow is 
not hardy enough under the actual farm conditions; (c) the infusion of 
imported blood upon native or Brahman stock improves the milking 
capacity; (d) as the amoimt of imported blood increases beyond a limit 
that is not definitely determined, hardiness decreases and the milk pro- 
duction falls along with it. 

These facts have led the farmers to a practice called “blood refresh- 
ing” in an effort to control the losses such as weakness and low production 
from continually grading with purebred bulls. This is done in two ways 
(1) using high grade bulls on grade cows or (2) backcrossing the high 
grade cows to the original basic stock (as a rule Brahman) . 

^ The author made this study during a year spent in graduate work at the Iowa 
State College under the guidance of Dr. Jay L. Lush of the Animal Husbandry 
Deparhnent 

*11ie Brown Swiss is considered a dual-purpose breed in some countries, but in 
Minas Gerais, Brazil, this breed is raised almost exclusively for milk ptirpoaes. 
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The object of the present study was to identify and describe some of 
the factors which have an important effect on milk production, xmder the 
conditions of the “penkeeping system” usually known in Brazil as “sistema 
de retiros.” 


ENVIRONMENT 

The environment plays an important part in dairy cattle production in 
Minas Gerais. Among the important environmental factors may be named 
climate, topography, pests and diseases, and management. 

Minas Gerais is in the central part of Brazil, between the 15th and 
20th parallels south, in the tropical belt. The temperature ranges from 
0 to 40° C. Rhoad (20) found for four years an average of 254.1 10-hour 
days per year of tropical temperatiire. The relative humidity ranges from 
57 per cent in August to 81 in December and January, and the annual 
average is 70 per cent®. In the municipality of Leopoldina the average 
precipitation was 1,156 mm. for 1934, 1935, and 1936. There are two 
definite seasons in the year, a rainy (from October to March) and a dry 
season (from April to September) . 

Among the important pests and diseases are: Ticks, “beme” (Derma- 
tohia hominis), flies, worms, foot-and-mouth disease, anthrax, black leg, 
pneumonia, tu^rculosis, tick fever — some of which are equally dangerous 
to animals and men. 

The system of management is one of the most important factors 
affecting cattle production in this part of Brazil. Rhoad (21) , stud 3 dng a 
dairy herd of the same region, referring to this management, wrote that 
“the cattle are kept on pasture the year round, fattening and giving an 
abundance of milk during the wet season, losing weight and dr 3 dng up in 
milk flow during the winter or dry season. Making hay or preparing in 
any way for the winter season is not a general practice. For convenience 
of management the large herds are divided into ‘retiros’ or pens 20 to 40 
head each and distributed over the farm in accordance with the particular 
farm conditions. Each pen has a simple shelter joined by a small corral. 
To this corral the cattle are brou^t twice a day, early in the morning to 
be milked and again in the afternoon to separate the calves from their 
dams. The calves remain separated imtil morning when one by one they 
are tied close by their dam to remain there imtil the cow is milked. The 
calf is then turned loose to get the strippings and to remain with its dam 
in the pasture until separated in the afternoon. 

“Tbere results from this method of management a very close psycho- 
logical relationship between the cow and her calf. Many cows wifi not 
‘let down’ their milk in the absence of the yoimg. This is so characteristic 
of native and crossbred cows that when a calf dies its dam invariably goes 
dry shortly after.” 

However, the farm from which the present data were taken has a 
system of management a little different from that cited in the foregoing. 
The bulls are in the pastures with cows only from May 20 to January 20, 
so that the births occur in the dry season (approximately from March 1 
to October 31) . However, this practice is not rigorously followed, because 
the purebred bulls borrowed from the Department of Agriculture are 


* These figures refer to ^gosa, 640 m. above the sea level. 
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used at any time of the year. Apparently no special attempt has been 
made to breed the heifers at a definite age. * 

In this herd chopped sugar cane and, in recent years, some native 
grass silage are provided during the dry season. Tliis feed is put in several 
mangers for all milking cows at the same time. It appears that this feed- 
ing, alfhou^ not abundant, has maintained the cattle in a better condition 
than is usual on many farms and has even kept the milk production from 
declining during the winter months. 

MATERIAL AND METHODS 

For this analysis, the records of the Simmenthaler herd of the Fazenda 
Niagara, Leopoldina, Minas Gerais, were used. Mr. Gabriel Junqueira 
has continued the work of his father, started approximately 30 years ago, 
in an endeavor to establish a dairy herd for his own purposes. Althou^ 
the predominant blood of the cattle is Simmenthaler, there is also some 
Brown Swiss blood from several grade cows, purchased on nei^boring 
farms for their special dairy qualities. This breeder still had to use a pure- 
bred Holstein bull in 1933 becaxise of a foot-and-mouth disease attack that 
made the Simmenthaler bulls completely imserviceable. 

During these 30 years bulls and cows of several degrees of blood from 
one-eighth Simmenthaler to purebred were used. For many cows the 
amount of European blood was known. 

Records of production during 19 years have been considered in this 
study. Only records of cows which had already left the herd were in- 
cluded. The herd records are kept carefully and give the day of the cow’s 
birth, length of the lactation period, total milk yield and some remarks, 
such as death of calf, occurrence of foot-and-mouth disease and disposal 
of the cow. 

The individual production was measured every fifteen days on the 
first and sixteenth of each month, using a “specially devised container that 
eliminated the voluminous effect of foam, produced by pouring warm milk 
into the container”^. The milk for the calf was always left in the cow’s 
udder. The production of every cow was recorded separately, and at the 
end of the lactation the sum of the bi-monthly records X 15 gave the total 
milk 5 deld for the lactation. 

The figures for the total milk yield and lactation period for every 
lactation were simply copied from the farm book without any change, as 
the data were correct from the practical point of view. In many cases the 
length of lactation period (from calving to weaning) was really longer 
than that recorded, but this did not affect the accuracy, for the cow was 
then producing so little that the milk was not measured. The weaning was 
thus delayed for 10 or more days to permit the cow to go dry naturally 
without udder troubles or a sudden change in the calf’s feeding. 

The length of service period was calculated for every lactation by 
subtracting 283 days from the interval between the dates of two successive 
calvings. 

The interval between the date of weaning and the next calving is 
considered the dry period. 


* Rhoad in his work (21) described this container which is generally tised on the 
farms of that region. 
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UTERATUBE 

Several tropical and sub-tropical countries have tried the so-called 
fine breeds and some results have been reported. 

Hammond (8) emphasizes that for transferring animals from temper- 
ate to tropical regions, not only the resistance to diseases and adaptability 
to conditions of nutrition sho^d be remembered, but also the ability to 
withstand hi£^ temperature. 

Bisschop (1) from South Africa has indicated that a certain limit to 
the grading up policy is necessary to prevent the failure of imported 
breeds. 

Tarantino (24) reported that in Italian Somaliland the reddish cattle 
are well adapted to work under the most arduous conditions. The native 
cows are poor producers, but the Sardinian Brown crossbreds are better 
milkers. 

Bxmting and March (2) report that no indigenous domesticated cattle 
are found in Malaya, the herd at Serdang consisting of imported Mont- 
gomeries, Friesians and some crossbreds, and Jerseys. The imported and 
locally bred Indian cattle have thrived, but the European bree^ have not 
given satisfactory results. 

Hammond (9) attributes the failure of European breeds in Jamaica 
and Trinidad to tick fever, long hair, white skin, improper feeding and 
possibly climate. He reports the breeds varied in the extent to which the 
degenerative changes occurred, the smaller breeds being less affected than 
the larger ones. 

Edwards (5) , working also with material from Jamaica, points out 
the value of a proper genetic constitution of cattle for tropical conditions. 
He shows that a well bred Guernsey bull reduced the milk yield 400 
poimds, while a pure Montgomery bull increased the yield 970 pounds. 
It is emphasized in this work that the improvement in constitution was 
more remarkable than in milk production. He concludes from his study 
that “the occurrence of the highest average yields among the grades 
possessing one thirty-second to one quarter Zebu blood coupled with a 
lower percentage of failures in thei^ grades, points to their being the 
most satisfactory medium for the development of a new breed suited to 
the environment.” 

Kartha (13) , comparing the efficiency of the Indian cow, the half-bred 
cow and the buffalo as producers of milk and butter-fat, concludes that 
under existing conditions the buffalo is more economic for the villager. 

In Minas Gerais, Brazil, Cameiro and Rhoad (3) found that “pure- 
bred Holstein calves from imported dams showed a decrease in the rate 
of growth relative to the normal growth of the breed. This growth check 
occurs from the fourth month on and is accentuated after the sixth month. 
Ikivironmental factors other than nutrition and care are responsible for 
the sub-normal development. Under similar conditions crossbred calves 
develop normally.” 

Rhoad (21) , working with cattle in Minas Gerais, Brazil, found no 
distinction between yields of first, i^cond, and third lactations under the 
penkeeping conditions. His work showed also a pronounced effect of the 
dry season on milk production and on the reproductive capacity of the 
animals. More recently Rhoad (20) has shown the influence of environ- 
mental temperature on the respiratory rhjrthm of dairy cattle in the 
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tropics (M. Gerais) , as **at 36"^ C. the Ehiropean cattle apparently reached 
their maximum efforts of ph 3 rsical regulation through the Jungs. This, 
however, was not indicated in the respiration curve for Zebu cattle.’’ 

R. Joviano (12) reports results (1919-1932) in the Federal Experi- 
ment Farm of Pedm Lropoldo, M. Corals, with some imported breeds. 
In 12 years 77 Brown Swiss calves were bom, of whidh 20 died. The year 
of 1931 marks the smallest percentage of calf deaths — 30 per cent Re- 
garding the Simmenthaler, in 6 years 47 individuals were introduced to 
the farm. During this time 26 calves were bom, of whidh 12 died; of the 
mature individus^ 32 died. The Farm received the first lot of Holsteins 
in 1928, and others in 1929 and 1930, making a total of 45 head, of which 
only 25 were still alive in 1932. 

Rhoad (22) showed a good increase in the milk yield by changing 
high-grade Holstein cows from the penkeeping system to a modem 
system of management. 

The present results in general agree with those found by Edwards (5) 
in Jamaica and by Rhoad (21) in Brazil. The likeness of objectives and 
environment led die writer to consider the two previous studies as points 
of reference in analj^ing and interpreting the present results. 

RESULTS 

On most points the data are summarized in tables according to 
Fisher’s (6) method of “Analysis of Variance.” The figures following the 
±: sign refer to standard error throu^out this study. 

AGE OF THE HEIFERS AT FIRST CALVING 

It is known that cattle in the warm climates require more time to 
mature than in temperate regions. Edwards (5) , working with material 
from Jamaica, foimd that the heifers usually calve for the first time when 
about 3.5-4 years old. They may be considered late in this respect since 
Plum and Lush (17) found a mean age at first freshening of the heifers 
in the Iowa Cow Testing Associations of 27.1 months. 

For only 282 heifers were the ages at first calving known definitely; 
the mean age of these was 38.7 ±: .3 months. The standard deviation was 
4.9 months. 

To find whether there was any relation between the time of year when 
the heifer was bom and her age at first calving, the heifers were sorted 
according to the month of birth and for each of 3ie 12 resulting groups the 
ages at first calving were studied. The results are jdiown in table 1. 


TABLE 1. Month of birth of the heifers and their age at firet calving 



Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Ijuly 

Aug. 

[Sept. 





No. in 
the 

month. . 

■ 


57 

49 

35 

26 

iQll 

11 

|M| 

22 

11 

8 

282 

Mean 














age in 
months. 

39.7 


38.1 

38.8 

37.9 

38.2 

38.1 

g 



40.5 

38.5 

38.7 


Table 2 shows the analysis of variance at age of first calving between 
and within groups sorted according to the month in which they were bom. 
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TABLE 2. Variance of age at firet caltfing a$ related to time of year when horn 



Degrees of freedom 

Sum of squares 

Mean square 

Total 

281 

6,834 

243 

Between months 

11 

177 

16.1 

Within months 

270 

6.657 

24.6 


There is no indication that the month of birth of the heifers has an in- 
fluence on their age at first calving. 

Table 3 shows that the distribution of calving throughout the year is 
about the same for heifers as for the cows. Apparently no attempt was 
made to have the heifers calve for the first time at a defmite age. 


TABLE 3. Percentage of heifers and cows calving at various months of the year 



Jan. 

Feb. 1 

|Mar. 

Apr. 

May 

Jime 

July| 

Aug. 

Sept 

1 Oct. 

Nov. 

Dec. 

Heifers 




153 

10.6 

8.0 

KQI 

3.6 

7.3 


2.0 


Other cows . . 

4.5 

6.5 

24.6 

13.7 

10.8 

9.4 

9.3 

5.2 

45 

1 5.2 

2.3 

3.6 


THE PRODUCTIVE LIFE OF THE COWS 

In many countries, even those where the dairy industry is really ad- 
vanced, the length of productive life is an object of discussion or is not well 
known at the present time. Lush and Lacy (15) foimd that the average 
productive life (from the first to the last calving) among registered cows 
of the dairy breeds in the United States is 3.5 years and that 28 per cent 
are replaced every year. 

Practically nothing is known about this imder the penkeeping condi- 
tions. In the present study we tried to clarify this, despite the small 
number available and the limitation of the data to only one farm in Minas 
Gerais. 

The date of weaning in the last normal lactation was considered the 
end of the productive life, because in most cases the death of the cow was 
not recorded. Usually the cows were sold to the butcher or died a short 
time after weaning. The results were: 

Number of cows 278 

Mean age at which the cows were culled (date of weaning 

in the last normal lactation) 112.5 months 

Standard deviation 38.0 “ 

Productive life (from first calving to the end of the last 

' normal lactation) 73.8 “ 

The productive life of the cows seems long, when those foimd in the United 
States and Britain (23) are considered. 

Because it was thought that the age at first calving might affect the 
productive life that relation was explored. The figures in table 4 show no 
indication that age at first calving affected the length of the productive 
life. The correlation was not significant, r = —.051. 
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TABLE 4. Variation in length of productive life 



Degrees of freedom 

Sum of squares 

Mean square 

Total 

277 

400,275 

1,445 

Between ages gt first calving . . 

25 

26,908 

1,076 

Within ages at first calving 

252 

373,367 

1,482 


MILK YIELD 

The average milk yield for 1,196 lactations studied was 1,221 db 13 
liters, 65 liters higher than that found by Rhoad (21) . This difference is 
small but statistically significant. However, this higher yield was pro- 
duced in a longer lactation period. 

The yields ranged from 275 to 3,575 liters, but a large part of this 
wide variability was caused by the variation in length of lactation period. 

LACTATION PERIOD 

The mean length of lactation period was 321 ±: 2 days, but the range 
was extremely high, extending from 108 to 693 days. As will be seen later, 
the lactation period is one of Ae most important factors affecting the total 
milk yield. 


SERVICE PERIOD 

Rhoad (21) emphasized the importance of the service period for 
determining the reproductive ability of the dairy herd under the pen- 
keeping management. The long service periods of the Brahman cows have 
been noted by several workers and this fact may have influenced results 
obtained in the present study, since the type of cows showed the occur- 
rence of Zebu blood. Detailed information regarding the breeding of the 
original foundation cows was not available. 

The average service period is 197 zt 4 days, which is higher than that 
found by Rhoad (21) in the same region and imder similar management, 
but is not extreme and is close to that foimd by Edwards (5) for Jerseys 
at Jamaica — 196 days. The range was 892 and the standard deviation was 
143 days. 


DRY PERIOD 

The dry period averaged 109 zt 2 days, and the variation in this was 
not extreme. The standard deviation was 61 days. 


TABLE 5. Summary of the results for milk yield, lcu:tation period, service period, and 

dry period 



Number 

Mean 

Standard deviation 

Milk yield 

1,196 

1,221 ± 13 liters 

*443 liters 

Lactation period 

1,196 

321 ± 2 days 

87 days 

Service period 

1,060 

197 ± 4 days 

143 days 

Dry period 

1,056 

109 ± 2 days 

61 days 
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MONTH OF CALVING AND YIELD 

Edwajrds (5), stud 3 ning reconls of production from Jamaica^ found 
that the yields of cows calving during the dry season were higher than 
those of cows calving in the wet season. 

Rhoad (21) working with cattle of Leopoldina, M. (^rais, fomid 
similar results, that is, a relation between month of calving and milk yield. 
Cows calved in May, June, and July (dry season) had a higher milk 
production and a correspondingly longer period of lactation than those 
calved in the rainy season. He believed this fact was “due to the natural 
good fleshing of dry pregnant cows as they enter and go throu^ the 
drou^t season. Cows of this group have more body reserves for carrying 
them through the drought and will produce a normal quantity of milk for 
the dry months. About the time their body reserves become exhausted the 
rains come, furnishing an increasing supply of food and thus sustain pro- 
duction for 30 to 40 days longer than normal.” 

In the present study, 1,193 lactations were grouped according to the 
month of csdving in order to find out if this factor has some effect on milk 
yield. The average production for the cows in each such group is shown 
in figure 1. The plus and minus deviations from the general mean are 
irregular and do not indicate clearly any effect of the season of freshening. 

/^oo — 

f VOO — 

1 ^co 

q SCO 

H — 

2 j^co — 

3 — 

^€0 

^OO 

XOO 

j/00 

Jan. Feb Mar Apr May June July Aug Sept Oct Nov Dec 
MONTHS OF FRESHENING 
Fig. 1. Yield as related to month of freshening 



TABLE 6. Analysis of variance of the influence of month of calving on milk yield 
(Milk yield is expressed In units of 50 liters) 



Degrees of freedom 

Sum of squares 

Mean square 

Total 

1,192 

93,932 

79 

Between months 

11 

1,253 

U4 

Within mcmths 

1.181 

92.679 

78 
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Hie analysis of variance did show a sli^tly larger mean square 
between months than within months, but the difference was not statisti- 
cally significant. 

The difference between the findings recorded in table 6 and those of 
Rhoad (21) possibly may be attributed to the fact that no supplementary 
feed was available during the dry months, while in the present data a small 
amount of supplementary feed was given to the herd during the dry 
season. This is only a tentative explanation. 

AGE OF THE COWS AND MILK YIEE^D 

Usually it is established that in temperate climates the highest milk 
yield occurs when cows are 7 to 9 years old. In the tropics the time of 
hipest milk 3 deld is not established. Edwards (5) found the maximum 
production at the fifth lactation, when he compared “the average yield of 
first calvers with the average of the same group of animals in their second 
lactation, and so on.” However, when he compared the lactations by ages 
without regard to whether the same cows were represented, there was a 
slight increase in production to the fourth lactation. He explained this in 
part by supposing that many of the best cows lacked the proper constitu- 
tion to endure tropical conditions and were incapable of producing 
normally for more than one or two lactations. 

Under penkeeping conditions Rhoad (21) found little difference in 
milk production of the first, second, and third lactations. He attributed 
this to the feeding conditions and lack of culling poor producers. 

In the present study 1,085 lactations were grouped according to the 
age of the cow at freshening. The results are shown in table 7 and figure 2. 


TABLE 7. Analysis of variance of age on milk yield 
(Milk yield expressed in iinits of 50 liters) 



Degrees of freedom 

Sum of squares 

Mean square 

Total 

1,084 

77,562 

72 

Between ages 

25 

4,202 

168 

Within ages 

1,059 

73,360 

69 


The influence of age on milk 5 deld is significant statistically but not 
important practically, for the mean square is reduced only about 3 per 
cent by holding age constant. 

Two facts in figure 2 are worthy of comment (a) the remarkable fall 
of the yield curve at 38.5, 44.5, and 50.5 months of age and (b) the approxi- 
mately constant production at the ages from 56.5 to 128.5 months. The 
irregularity at ages past 134.5 months is mainly because of the few 
lactations at these ages. 

Variations in length of the lactation period are at least partially 
responsible for this fall in yield at the yoimger ages. 

When the average of the total yield was foxmd for every age group and 
divided by the corresponding average number of days of lactation, then 
this decrease in yield at the yoimger ages disappeared and the daily milk 
yield rose steadily to 56.5 months of age, as shown in figure 3. 



258 


GERALDO G. CARNBIRO 





I 


I I I I I t I I 


V I >• I I I • I I I I I i I I I I t I I I I I I I I 


AGE m MONTHS 


Fig. 2. Gross yield as dependent on age of cow at freshening 


THE INFLUENCE OF LENGTH OF LACTATION PERIOD ON YIELD 

The highest yields were in general those made during long lactations 
whereas the low tended to be from short lactation periods. TTie analysis 
of variance (table 8) showed a highly significant result. Variance in yields 
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Fig. 3. Average yield per day in milk for cows freshening at various ages 


TABLE 8. Analysis oj variance of the influence of lactation length on milk yield 
- (Milk yield is expressed in units of 50 liters) 



Degrees of freedom 

Sum of squares 

Mean square 

Total 

1495 

94,010 

79 

Between groups with different 
lengths of lactation period . . . 

37 

46419 

1346 

Within groups having the 
same lactation period 

1458 

47391 

41 
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was reduced 47.4 per cent when lactation period was held constant. The 
correlation between yield and lactation length was +.69. Since the square 
of this correlation coeflBcient is almost identical with the fraction of the 
variance which disappears when length of lactation is held constant, the 
relation is practically linear. 

This linearity is reasonable on the basis that the management — one 
milking daily, the natural calf feeding (suckling its dam) , feeding condi- 
tions of the dairy cows — ^keeps the daily milk yield at a relatively constant 
level. 

Figure 4 shows the mean sdelds for each length of lactation and the 
regression of milk 5 deld on length of lactation period. From this regression 
appropriate factors for correcting milk yield to a standard lactation length 
of 305 days have been tabulated. They are shown in table 9. The regres- 
sion equation is: 

Estimated yield = 1,166.67 + 3.52 (L.P.-~ 305) . 

= 93.07 + 3.52 L.P. 


TABLE 9. Factors for correcting milk yield to a standard lactation length of 305 days 


Lacta- 

tion 

I)eriod 

Correc- 

tion 

factor 

Lacta- 

tion 

period 

Correc- 

tion 

factor 

Lacta- 

tion 

period 

Correc- 

tion 

factor 

Lacta- 

tion 

period 

Correc- 
. tion 
factor 

103 

2562 

233 

1.278 

358 

.862 

498 

.644 


2.467 

238 

1.254 

363 

.851 

493 

.638 

113 

2.378 

243 


368 

.840 

498 

.632 

118 

2.296 

248 


373 

.830 

503 

.626 

123 

2.219 

253 

1.186 

378 

.819 

508 

.620 

128 

2147 

258 

1.165 

383 

.809 

513 

.614 

133 


263 

1.145 

388 

.800 

518 

.609 

138 


268 

1.125 

393 

.790 

523 

.603 

143 

1.957 

273 


398 

.781 

528 

.598 

148 


278 

1.089 

403 

.772 

533 

.592 

153 

1.848 

283 

1.071 

408 

.763 

538 

.587 

158 

1.798 

288 

1.054 

413 

.754 

543 

.582 

163 

1.750 

293 

1.038 

418 

.746 

548 

.577 

168 


298 

1.022 

423 

.737 

553 

.572 

173 



1.006 

428 

.729 

558 

.567 

178 

1.622 


1.000 

433 

.721 

563 

.562 

183 

1.583 


.991 

438 

.714 

568 

.557 

188 

1.546 

313 

.976 

443 

.706 

573 

.553 

193 

1.511 

318 

.962 

448 

.699 

578 

.548 

198 

1.477 

323 

.949 

453 

.691 



203 

1.445 

328 

.935 

458 

.684 




1.414 

333 

.922 

463 

.677 



213 

1.384 

338 

.909 

468 

.670 



218 

1.356 

343 

.897 

473 

.664 




1329 

348 

.885 

478 

.657 



228 


353 

.874 

483 

.651 




The 305-day corrected yields in liters are plotted against age in 
months in figure 5. The shape of the curve follows somewhat closely that 
found by Edwards (5) for all the data on lactations of dairy cattle in 
Jamaica. A glance at figure 5 shows that the shape of the curve for milk 
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Fig. 4. Regression of milk yield on length of lactation period. 
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B^g. 5. Age at freshening and yields standardized to a length of 305 days 

3 deld as dependent on age is not very different from that of the temperate 
regions. 

THE EFFECT OF LENGTH OF SERVICE PERIOD ON YIELD 


TABLE 10 Analysts of variance 
(Yield expressed m units of 50 hters) 



Degrees of freedom 

Sum of squares 

Mean square 

Total 

1,059 

80,368 

76 

Between groups of 
service period 

34 

17442 

504 

Within groups of 
service period 

1,025 

63426 

62 


Length of service period was found to exert a significant influence on 
yield. Variance in yield was reduced 18.4 per cent when service period 
was held constant (table 10) . This agrees with Edwards’ data (5) , where 
the service period and age appeared to be the most important envirra- 
mental factors (except feeding) affecting yield. Kartha (13), working 
with cattle in India, found a positive correlation between yield per lacta- 
tion and length of service period, but lactation yield also was correlated 
with lactation period. 

In this study partial correlations were used as one way to separate 
the influence of lactation period from that of service period on milk 
production per lactation. The formula is: 



1 = yield; 2 = lactation period; 3 = service period. 
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The partial correlation between sdeld and lactation period, service 
period being constant, was +.66, which is only a little less than the 
primary correlation, +.69, 

On the other hand, holding the lactation period constant brought out 
a negative correlation between yield and service period, — .23, which is 
distinctly different from the primary correlation, +.35. Among cows 
having die same length of lactation period, those with the longest service 
periods had the lowest yields. The multiple regression equation for pre- 
acting yield from botii lactation period (LP) and service period (SP) is: 

Y = 4.33 LP —.71 SP - 27. 

When both are thus taken into accoimt simultaneously an additional day 
in the lactation period means an average increase of 4.33 liters in the milk 
yield while an additional day in the service period means an average de- 
crease of .71 liters in the milk yield. Length of service period has little 
practical influence on yield except through its connection with length of 
lactation period which does have an important effect. (Curvilinearity, if 
it exists, mi^t make these average relations noticeably imtrue at certain 
special lengtiis of service period.) 

THE EFFECT OF AGE ON LENGTH OF LACTATION PERIOD 


TABLE 11. Analysis of variance in length of lactation period 
(Lactation period expressed in units of 15 days) 



Degrees of freedom 

Sum of squares 

Mean square 

Total 

1,084 

36,501 

34 

Between ages 

25 

3,495 

140 

Within aeies 

1,059 

33,006 

31 


Although the farmer’s control may be the most important cause of 
lactation period length, its non-uniformity for the several ages suggested 
that age might have some influence on it. Table 11 shows that the mean 
square within ages (31) is 8.8 per cent less than the general mean 
square (34) for lactation period length in the whole population. The cor- 
Telation coefficient between age and lactation period was —.22, which 
shows a decrease (although not a very large one) in the length of L.P. as 
age increases. All the cows included in the first two ages (from 30-41 
months) were first calvers. Also in the 44.5 months group (fn>m 42-47) , 
43 of 59 individuals were first calvers. 

A highly significant difference of 36 days existed between the average 
lactation periods of the first two age-groups (32.5 and 38.5) in table 12. 
•Whether this was due to something in the management is not known. The 
work of Eckles (4) shows that lactating heifers grow less than pregnant 
heifers of the same age and breed. This effect was decidedly accentuated 
when early calving was combined with light feeding. In the present case, 
possibly milk production, poor feeding conditions, and perhaps effort to 
grow, did not permit the young heifer to come in heat again quickly, so 
tiiat the length of lactation period was indirectly increased through that of 
service period. The heifers calving at 32.5 months had an average service 
period of 214.5 days, whereas those calving at 38.5 months had only 171.8 



FACTORS AFFECTING MILK PRODUCTION 


263 


TABLE 12. Length of lactation and daUy yield as dependent on age 


Age in 
months 

Fre- 

quency 

Lacta- 

tion 

period 


Age in 
months 

Fre- 

quency 

Lacta- 

tion 

period 

Daily 
milk 
yield 
in liters 

32.5 

67 

393.0 

3.1 

no.5 

50 

295.5 

4.3 

38.5 

95 

357.0 

3.1 

1165 

36 

297.0 

4.2 

44.5 

59 

325.5 

3.3 

122.5 

46 

309.0 

4.0 

50.5 

74 

318.0 

3.5 

128.5 

28 

291.0 

44 

56.5 

72 

328.5 

3.9 

134.5 

34 

286.5 

4.1 

62.5 

70 

328.5 

3.9 

140.5 

22 

295.5 

4.2 

68.5 

59 

328.5 

3.9 

146.5 

16 

315.0 

4.5 

74.5 

70 

318.0 

4.0 

152.5 

11 

277.5 

2.3 

80.5 

57 

316.5 

41 

158.5 

10 

361.5 

39 

86.5 

42 

282.0 

4.4 

*164.5 

4 

277.5 

3.9 

92.5 

54 

300.0 

4.2 

170.5 

7 

288.0 

2.3 

98.5 

52 

309.0 

4.1 

178.5 

1 

318.0 

3.1 

104.5 

48 

316.5 

4.2 

182.5 

1 

318.0 

2.4 


days, or 42.7 days less. The difference between mean service periods was 
not significant (t = 1.70 with 145 degrees of freedom) , but the difference 
did exist. 

THE INFLUENCE OF MONTH OF CALVING ON THE LENGTH OF SUBSEQUENT 

SERVICE PERIOD 

Rhoad (21) mentioned two facts which he believed were responsible 
for the length of the service period: the number of unbred cows and the 
state of nutrition of the herd. 

In the present study 1,060 service periods were sorted according to 
the month in which the preceding calving occurred. The analysis of vari- 
ance (table 13) showed no significant influence of the month of calving on 
the length of the subsequent service period. 

TABLE 13. Analysis of variance tn service period as related to month of preceding 

calving 

(Service period expressed in units of 25 days) 



Degp:ees of freedom 

SuJi of squares 

Mean square 

Total 

1,059 

34,757 

32.8 

Between months 

11 

548 

49.8 

Within months 

1.048 

34.209 

32.6 


However, when the average service period was calculated for every 
month, all plus deviations from the gene:^ mean were grouped in seven 
adjacent months, while all minus deviations were in the offier five consecu- 
tive months (figure 6) . When these were tested against each other, the 
difference was significant, thus indicating some effect of season of calving, 
althou^ not an important effect practically. 
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Fig. 6. Length of service period as dependent on the month when the preceding 

calving occurred 


THE INFLUENCE OF HEREDITY 

The value of breeding purebred bulls to scrub cows has been pointed 
out by several writers and the subject is emphasized in the books on 
Anim^ Breeding and Genetics (Winters, 1930) (Rice, 1934) (Babcock and 
Clausen, 1927) . In many instances the mcrease in the second generation 
over the scrub is more than 100 per cent. 

The value of breeding with purebred bulls in the tropics has been 
reported by many workers, such as Hammond (9), Metivier (16), Ed- 
wards (5), Khoad and others. But, at least as far as the penkeeping 
system is concerned, no effort has been made yet to find out how much of 
the variation in milk yield is due to inheritance. 

In the United States, Gowen (7) foimd that 50-70 per cent of the 
variation in milk yield is due to inheritance but that rested in part on 
assuming that none of the observed daughter-dam correlation came from 
environment common to each such pair. Plum (18) found that in fat 
production in a Jersey herd “sire” was responsible for 11.6 per cent of 
the variance, “year” for 9.8 per cent, “sire” and “year” jointly for 9.2, 
and things other than sire and environment for 69.4 per cent. Harris, 
Lush, and Schultz (11) report for lactation records an average intra-herd 
correlation between records of the same cow of .325, showing the tendency 
of an individual cow to repeat her 5 neld, lactation after lactation. 
Plum (19) studying differences in fat production in Iowa Cow Testing 
Associations found the intra-herd correlation between one record of a 
cow and another record of the same cow to be .40. 

In the present data 148 cows, for which it was possible to obtain first 
and second records of milk 3 deld, were studied to learn to what extent the 
first two records of the same cow are repeatable, imder Ihe penkeeping 
management. The milk yields were corrected only for lactation period, 
as it was the only factor of practical importance. 

A correlation of +-44 was found. This result means that permanent 
factors, including inheritance and permanent environmental effects, are 
responsible for 44 per cent of the variance in milk yield, corrected to a 
standard length of lactation period. The hereditary part properly thus is 
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responsible for something less than 44 per cent of the varipice in milk 
prrauction in this herd. This result is similar to those lound in the 
United States. 

THE AMOUNT OP IMPORTED BLOOD 

As was said in a preceding section of this study, some information 
could be obtained on the amount of imported blood in various animals in 
this herd. Although these figures were not entirely accurate, the writer 
personally believes they are not far from the truth. The amount of im- 
ported blood was not hi^, despite the relatively long time spent already 
in building up this herd. Information obtained from the farm indicates 
that some difficulties have been met in raising the cattle with a high per- 
centage of imported blood. This might be one reason there were more 
animals with a little foreign blood than with a large amoimt. The latter 
may have tended to be eliminated naturally on account of their lack of a 
proper constitution to thrive xmder the existing conditions. 

As in the present case the number of lactation records varied between 
the groups with different percentages of exogenous blood and even among 
the cows of the same blood, it was decided to find each cow’s most probable 
ability on the basis of the average of all records. The formula given by 
Lush (14) was used: 

Most probable producing ability of the cow = 

-x (her average record) H ^ — x (the herd average), 

1 — r + nr 1-— r + nr 

where n is the number of cow’s records and r is the coefficient of correla- 
tion between records of the same cow (r = .4 in the present case) . The 
results are shown in table 14. 

TABLE 14. ProdiLCtivity and longevity of cows grouped according to the amount of 
their inheritance coming from recently imported dairy breeds 


Amount 

of 

imported 

blood 

Frequency 

Cow’s 

ability 

Deviations 
from the 
herd average 
305 days 
corrected 
milk yield: 
1,165 liters 

Lifetime 
in months 

Deviations 
from the 
herd average 
lifetime: 
113 months 

1/4 

49 

1,171 

+ 6 

114 

+ 1 

3/8 

10 

1,097 

-68 

101 

-12 

1/2 

77 

1,175 

+ 10 

126 

+ 13 

5/8 

11 

14^” ~ 

-45 

88 

-25 

3/4 

9 

1,086 

-79 

106 

- 7 

Purebred 

8 

1,109 

-56 

105 

- 8 

Total 

164 






No definite or steady decrease in production follows the increase 
in the percentage of imported blood, although there may be some 
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tendency of that kind. Also the length of the cows’ lifetime rou^y 
parallels the average 3 rield of milk. This leads one to think of some real 
influence, which affects alike the ability to withstand the environment and 
to produce. The analysis of variance shows a significant influence of 
amount of imported blood on the lifetime of the cows (table 15) . The 
variance within groups having the same amoimt of imported blood is 10.7 
per cent less than the general variance. But the correlation between 
amount of imported blo^ and length of lifetime is only —.06, which is 
not significant, though it indicates that the lifetime becomes a little 
shorter as the amount of exogenous blood increases. The closer relation 
shown by the analysis of variance than by the correlation coefficient 


TABLE 15. Analysis of variance in length of lifetime (in months), grouped according 

to fraction of exogenous blood 



Degrees of freedom 

Sum of squares 

Mean square 

Total 

164 j 

1 5,018 

31 

Between groups 

5 

588 

181 

Within groups 

159 1 

4,430 

28 


suggests that the relation is curvilinear. Whether the higher yield and 
longevity found for one quarter and one half bred animals were a conse- 
quence of heterosis could not be determined for their pedigrees were not 
explicit enough to separate those which might be expected to show hetero- 
sis from those which would not. Heterosis may be one of the causes, but 
probably not the single one, as Hammond (10) pointed out, referring to 
the cross between Zebu and European cattle: “This is not merely a matter 
of hybrid vigor, for different European breeds crossed together in the 
tropics give no better results than those breeds when pure.” 

SUMMARY AND CONCLUSIONS 

1. The mean age of the heifers at freshening was 38.7 zt .3 months. 
No relation was foimd between the month of the year in which the heifers 
were bom and their age at first calving. The distribution of calvings 
throughout the year was about the same for heifers as for the rest of the 
cows. 

2. The mean age at which the cows ended their last lactations before 
they left the herd was 112.5 zb 2 months. The relation between age at 
first calving and the productive life of the cows was negative, but 
insignificantly so. 

3. The month of calving showed no significant influence on milk 
yield. The plus and minus deviations from the general mean were irregu- 
lar, not indicating clearly any effect of season of freshening on milk 
production. 

4. The influence of age of the cows on the actual milk yields was 
statistically significant but not important practically. The variance was 
only 3 per cent less within groups of cows of the same age than it was 
among all cows. 

5. The length of lactation period had the most pronounced effect on 
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total milk 3 deld. The variance in yields was reduced 47.4 per cent when 
lactation period was held constant. The correlation between yield and 
lactation length was +.69, showing a practically linear relation. 

6. The effect of service period on milk yield was statistically signifi- 
cant and the variance in yield was reduced 18.4 per cent when service 
period was held constant. The correlation between them was +.35. How- 
ever, when the influence of service period was separated from that of 
lactation period, the partial correlation between service period and yield, 
length of lactation being constant, was —.23, showing little practical influ- 
ence of service period on milk production. 

7. The age of the cow had a significant effect on the length of lacta- 
tion period, the correlation being —.22 showing a decrease in the length 
of L.P. as age increased. A significant difference of 36 days existed 
between the average lactation periods of the two groups calving at ages 
of 32.5 and 38.5 months. 

8. When the average service period was calculated for the groups 
which calved in different months, all plus deviations from the general 
mean were in seven adjacent months (March to November), while all 
minus deviations were in the other five consecutive months. The difference 
of these two groups was significant, but the effect was not important 
practically. 

9. In this study 44 per cent of the variance in milk yields, standar- 
dized to a lactation length of 305 days, were due to permanent differences 
between individual cows, including inheritance and permanent environ- 
mental effects. 

10. No regular decrease in production paralleled the increase in the 
percentage of im)X)rted blood but there was some indication of such a 
tendency, probably curvilinear, either because of heterosis or because 
the maximum yield comes from an intermediate percentage of imported 
blood. The influence of amount of imported blood on the cows* lifetime 
was significant, when analyzed by variance wtihin and between classes, 
but an insignificant correlation ( — .06) shows that the relation is 
curvilinear. 
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The x-ray tube described in this paper is the result of search for a 
soiune of copper Ka radiation capable of yielding hi^ intensity (not less 
than 300 roentgens per minute at 30 cm. from Ibe target) for periods of 
many hours at a time. Experience with hot cathode tubes invariably 
indicated gradiial loss of intensity of the copper radiation due to deposition 
of filame nt material upon the anode. This objectionable feature led to 
experiments with gas-type tubes. 

The gas tube ^ally adopted employs essential features described by 
Wyckofi and Lagsdin^. The design, however, has been reworked for the 
purpose of better adaptation to the particular problem in hand. Simplifica- 
tion of machine work and utilization of standard parts have also received 
attention. 

The drawing (figvure 1) ^ows the tube in longitudinal section. With 
a few exceptions, where other materials are specifically mentioned, metal 
parts are machined from rolled brass. Cast brass mi^t be used for the 
clamping rings but danger of leaks precludes its use for other parts. 



The aluminum cathode tip C screws into the cop^r cathode rod R 
which in tiim is soldered into he cathode screw S. This screw, which has 
a fine t hread (40 per inch), fits closely in the cathode radiator. The 
radiator is turned from a solid piece of brass, using a parting tool for 
cutting the spaces between the cooling fins. A mixture of grease and 
powdered graphite is used on the cathode screw. The graphite prevents 
the grease from flowing and affords one of the best safeguards against 
possible sticking of the closely fitted screw. It tends also to improve 

‘ R. W. G. Wyckoff and J. B. Lagsdin, R. S. 1 7, 35 (1936). 
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thermal contact between the screw and the radiator. Cooling of the 
radiator may be improved by directing a blast of air on the cooling fins. 

The glass insulator between the radiator and the body of the tube is 
a six-inch length (a length which serves to establish the scale of the 
drawing) of two-inch diameter Pyrex pipe. Before assembling, both ends 
of the glass pipe are groxmd fiat to remove the small grooves moulded into 
them. Care is also taken to see that the ground ends are perpendicular to 
the axis of file tube so that the cathode will be properly centered. This 
condition can best be checked by observing the cathode through the anode 
end of the tube before the anode assembly is put in place. 

Brass clamping rings drilled to accomodate eight 10-32 machine 
screws hold the metal-to-glass joints together. With rei^ect to inside 
diameter and taper, dimensions of these rings are taken from the iron 
joint fianges supplied by the Coming Glass Works. The regulation inserts 
may thus be used as a filling and cushioning material between the rings 
and the glass. 

Air tight seals at the ends of the glass tube are obtained by using 0.040- 
inch (five ampere) fuse wire gaskets. These ring-shaped gaskets are made 
by fusing togefiier the ends of the wire in a very small gas fiame. If both 
glass and metal surfaces have a smooth finish, rather moderate pressure 
on the gaskets will prevent leakage. 

About one-half the length of the body of the x-ray tube, beginning at 
the anode end, is turned down to fit inside the piece of one-sixteenth-inch 
wall tube which closes the periphery of 
the annular water jackets A and B. 

This tube is sweat soldered in place 
before any machine work is done at the 
window openings. The two annular 
water jackets are connected by four 
holes passing through points forty-five 
degrees from the window openings. 

Circulation is in accordance with file 
schematic diagram shown in figure 2. 

Radial passages in this diagram repre- 
sent holes parallel to the axis in the 
actual tube in which the annual pass- 
ages A and B are of the same diameter. 

Barriers at points ninety degrees from 
both inlet and outlet assure circulation 
of water through jacket B. The inlet 
and outlet tubulations extend through 
oversize holes drilled through the outer 
edge of the anode assembly. 

A tubular shield which screws into 
file cathode end of the tube body inter- 
cepts much of the sputtered meal which 
would otherwise be deposited upon the inside surface of the glass. 

The anode assembly consists of two circular plates plus the anode 
proper which is soldered into the central Opening of the inner plate. Part 
of the edge of this plate is turned away to form the groove G. This groove 
exposes the jimction between the anode assembly and the tube body in 
such manner as to permit external sealing without danger of air leakage 



Fig. 2 Schematic diagram of water 
circulation. In the actual tube the 
annual water jackets A and B are 
of the same diameter and all con- 
necting passages are parallel to the 
axis of file tube. The four connect- 
ing passages between A and B are 
drilled through the brass between the 
window openmgs. 
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around the clamping screws. Water leakage from the anode jacket is 
prevented by a cemented paper gasket between the plates. 4 

Water from the tap is passed directly into the central tube of the 
anode assembly so that maximum cooling effect is obtained just behind the 
focal spot. Then, by means of a short U-shaped rubbed connection (with 
metal or glass insert to prevent kinking) the same water is passed through 
the cooling passages of the body of the tube. 

Four window openings are provided but when an oblique target is 
used three of these openings are covered by one-eighth-inch brass plates. 
Surfaces milled flat around the openings facilitate mounting these plates 
and other window fittings. All these fittings are made interchangeable and 
are fastened with four filluster head screws well countersimk to permit 
sealing over the heads. In the particular set-up shown in the drawing the 
pumping connection P is screwed and soldered into one of the plates 
covering an unused window opening. 

For copper Ka radiation a nickel ^ndow, which also serves as a filter, 
is used. A thickness of 0.025 mm., which transmits approximately 35 per 
cent of the desired radiation, provides sufficient filtering for most pur- 
poses. The window is permanently fastened to its mounting ring by 
sweating it in place with solder, taking care to see that no solder flows 
onto the part which is to transmit the radiation. 

After the tube is completely assembled the points aroimd the window 
openings and at the jimction of the anode assembly and body are sealed 
with beeswax. Application of this sealing material is best accomplished 
by placing the tube well above a flame until it is heated to a temperature 
somewhat above the melting point of the wax. The beeswax, which has 
been melted, is then applied with a small water color brush. Any surplus 
may be wiped off with a cloth, taking care not to remove the slight fillet 
at the junctions to be sealed. This fillet should be apparent at all junctions 
after the wax has hardened. Cooling may be accomplished quickly by 
passing water through the water jackets. 

The tube is pumped continuously by a good fore pump while correct 
pressure for operation (about 0.02 mm. of Hg) is maintained by adjusting 
the flow of air into inlet I. The line to the pump should be made of metal 
or glass tubing and if it is necessary that it be several feet long the 
diameter should be increased accordingly. The ends may be drawn down 
to fit the usual rubber connections, but these connections should be made 
as short as possible. 

In view of the fact that the tube does not immediately attain a steady 
state when the voltage is applied, a shutter is provided for starting and 
stopping the exposures. It consists of a shallow cup K mounted on an arm 
which pivots about the screw F in the mounting bracket. The shutter is 
pulled open by a string and is closed by a spring. Adjustable stops are 
provided for both open and closed positions. The shape of the shutter 
cup and window ring is such that radiation must be scattered at least 
twice before it can escape through the clearance space between the cup 
and ring. In practice this clearance is made as small as possible by bring- 
ing the parts into contact. Tests made by prolonged exposure of dental 
films at various points within a few centimeters of the shutter fail to show 
any indication of leakage. With the clearance increased to 0.2 mm. leakage 
is appreciable but is confined very closely to the plane of the clearance 
space. 
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Both tube and shutter are mounted on a one^i^th-indh steel panel 
M M. The tube flange is fastened to the panel by thi^ screws not shown 
in the drawing. A radial slot, also not shown, permits removal and re- 
placemoit of die tube without interfering with the tubulations P and I. 

The writer desires to express his appreciation of the foct that construc- 
tion of the tube was made possible by Prof. John W. Gowen of the 
Genetics Department of Iowa State College. 


PLATE I 
X-Ray Tube 
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OCCURRENCE OF ACROLEIN AS AN INTERMEDIATE, DURING 
THE FERMENTATION OF GLYCEROL BY THE COU-AEROGENES 

BACTERIA 

Howabs Biymoldb, W. M. Hoehr, ams C. H. Wbochar 
From Bacteriology Section, Induetriel Science Research Institute, Iowa State College 

Recdved May 13, 1939 

Tlie use of fixing agents designed to remove intermediate products 
of dissimilation from further attack (Abfangverfahren of Neuberg) has 
aided materially in the development of our present concepts of bacterial 
metabolism. In the present investigation, the fixation technique has been 
employed vdih the coli-aerogenes bacteria for further elucidating the 
intermediary dissimilation of glycerol. Acrolein has been isolated and 
identified as a probable intermediate in 'the dissimilation of glycerol by 
Citrobacter freundii. 


EXPERIMENTAL 

The organisms were grown in a medium of 20 gm. glycerol, 2 gm. 
ammonixun sulfate, 100 ml. 0.5 M phosphate buffer (pH 7.7) and water to 
make 1 liter. Dimethyldihydroresorcinol (dimedon) was added as the 
fixing agent to a concentration of 0.33 per cent. It was neutralized to 
phenolphthalein with sodium hydroxide, sterilized separately in 200 ml. 
water and added aseptically to medium at the time of inoculation. In- 
cubation took place at 30° C. for 8 days. The cultures of Escherichia were 
obtained from the American Tyipe Culture collection; cultures of Aero- 
bacter were those described by Burkey (1928). Citrobacter freundii 
(no. 147) was a strain isolated in this laboratory. 

Citrobacter freundii grew well in the medium, developing a crystal- 
line deposit on the sides of the flask after 3 days. In the same medium one 
culture each of E. coli (ATC26) and Aerobacter indologenes developed 
sparse growth and failed to produce the crystalline deposit. Incubation 
was discontinued after 8 days. The crystall^e material was removed by 
filtration, washed and crystallized three times from ethyl alcohol, dried 
over H2SO4 and weighed, giving a yield of 2.06 gm. It was found to melt 
at 215° to 216° C. (corr.). A test for phosphorus was negative. The 
dimedon compoimd was soluble in dilute potassium hydroxide, but in- 
soluble in 33 per cent potassium hydroxide. Acidification of the alkaline 
solution precipitated the compoimd. Althou^ soluble in cold sulfuric 
acid, it was precipitated by dilution with cold water. The compound was 
insoluble in ethyl acetate, isoamyl alcohol, acetone, benzene, and 2 N 
hydrochloric acid. 

A study of the literature revealed no dimedon derivative of any 
compound with such a melting point which could be considered as a likely 
nroduct of this fermentation. Analysis of the derivative gave C, 71.52; 
71.53 and H, 7.99; 8.09. A Hast molecular wei^t determination gave 323. 
The calculated values of carbon and hydrogen for an empirical formula 
CiflH2fl04 having a molecular weight of 318.2 are C, 71.65 per cent and H, 
8.23 per cent. A list of possible compounds having a molecular wei^t and 
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empirical formula in relative agreement with observed values included 
the dimedon derivative of propionaldehyde and acrolein. The melting 
points as given in the literature for the dtoedon derivatives of propional* 
dehyde were foimd to be in very good agreement. IClein and Linser (1929) 
and also Kao and Yen (1932) published data which gave 155° C. as the 
melting point of the propionaldehyde. Klein and Linser, however, gave a 
melting point of 135° C. for the acrolein derivative while Vorlander 
(1929) listed the melting point as 192° C. after softening at 186° C. 

It was necessary to prepare a pure sample of the dimedon derivative 
of acrolein because of these very obvious discrepancies in the literature. 
Ten grams of acrolein (Eastman) were dissolved in 290 cc. of water and 
30 cc. of this solution added to 50 cc. of water containing 500 mg. dimedon. 
After standing 3 days at room temperature, the material which separated 
was filtered and dissolved in alcohol. The material which crystallized was 
filtered and washed with dry ether. After it was air-dried, the melting 
point was found to be 215° to 216° C. When the derivative isolated from 
the fermentation medium was mixed with the prepared derivative, there 
was no depression in the melting point (215° to 216° C. [corr.]). 

In subsequent tests, duplicate tubes of the glycerol-dimedon medium 
were inoculated with one loop each of 24-hour broth cultures of 
Escherichia coli (nos. 26, 4163 and 4265) , Citrohacter freundii (nos. 147, 
176, M8BK) and Aerohacter indologenes (no. 23) , A. decolorans (no. 24) , 
and A. salicinovorum. 

After incubation for 7 days, all tubes of Citrobacter showed crystal- 
line deposits, whereas those of E. coli were negative. Tubes inoculated 
with A. indologenes and A. salicinovorum were negative; whereas those 
with A. decolorans showed a crystalline deposit. The latter may have 
been an acetaldehyde derivative. 

FERMENTATION OF GLYCEROL BY CITROBACTER FREUNDH IN THE PRESENCE OF 

CALCIUM SULPHITE 

Citrobacter freundii was incubated for 8 days at 30° C., in a medium 
of 2 per cent glycerol, 0.2 per cent (NH4)i;S04, 0.1 per cent K2HPO4, 1.0 
per cent CaCOs, and 1.0 per cent CaSOs. At the end of this period, a 
200 ml. portion of the liquor was filtered and treated with an equal 
volume of a saturated solution of 2,4-dmitrophenylhydrazine hydro- 
chloride in 2 N HCl. A copious yellow precipitate which separated im- 
mediately, was removed by filtration after standing in the refrigerator 
for 12 hours. 

Treatment of the precipitate with 10 per cent sodium carbonate 
snlulion gave a dark brown solution and an insoluble orange residue. 
Acidification of the sodium carbonate solution yielded a yellow precipitate 
which was purified by redissolving and precipitating in 10 per cent sodium 
carbonate with final crystallization from alcohol. The dried compoimd 
melted at 212° to 213° C. (uncor.) and there was no depression of the 
melting point when mixed with an authentic preparation of the 2,4-dinitro- 
phenvlhydrazone of pyruvic acid. 

The sodium carbonate insoluble residue was dissolved in alcohol, 
crvstallized and dried. The melting point of the dried preparation was 
165° to 166° C. and showed no depression when mixed with an authentic 
preparation of the 2,4-dinitrophenylhydrazone of acetaldehyde. 



ACROLEIN AS AN INTERMEDIATE IN FERMENTATION 


277 


Another portion of the fermented liquor was distilled after the 
addition of sodium carbonate to retain pyruvic acid. The distillate jdelded 
a white crystalline precipitate with dimethyldihydroresorcinol which 
melted at 136° C. (imcor.) and retained the same melting point after 
mixing with a known dimedon derivative of acetaldehyde. 

Fermentation m the presence of sulfite led to the isolation and identifi- 
cation of pyruvic acid and acetaldehyde as fixation products in the dis- 
similation of glycerol. No other aldehydic or ketonic compound pre- 
cipitable by 2,4-dinitrophenylhydrazine could have been present in 
significant quantities. Thus the presence of calcium sulfite led to the 
fixation of pyruvic acid and acetaldehyde while acrylic aldehyde was 
fixed in the presence of dimedon. 

SUMMARY 

In a medium containing only inorganic salts, glycerol and dimedon, a 
culture of Citrohacter freundii yielded a relatively large quantity of a 
water insoluble crystalline material. The compound has been identified 
as the acrylic aldehyde derivative of dimedon (2,2-[Acrylidenel bis 
[5,5-dimethyl-l,3-cylcohexanedione] ) . 

When tubes of the same medium were inoculated with representative 
strains, three cultures of Escherichia gave no deposit, four of Citrobacter 
gave the characteristic crystalline precipitate. One of three Aerobacter 
cultures gave a precipitate. In a similar medium with calcium sulfite as 
the fixing agent, fermentation by the Citrohacter freundii culture resulted 
in the accumulation of pyruvic acid and acetaldehyde. 

The identification of acrolein as a possible intermediary in the dis- 
similation of glycerol should be of value in determining the mechanism 
of its breakdown. 
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THE EFFECT OF THE CONCENTRATION OF MANNITOL UPON 
THE PRODUCTION OF LEVULOSE BY THE ACTION OF 
ACETOBACTER SUBOXYDANS^ 

£. I. Fulmer^ J. W. Dxtnnikg, Ain> L. A. Underkoixer 
From the Department of Chemistry, Iowa State College 
Received May 17, 1939 

In a previous conununication from these laboratories, Fulmer, Dim- 
ning, Guymon, and Underkofler (1936) presented data on the effect of the 
concentration of sorbitol upon the production of sorbose by the action of 
Acetohacter suhoxydans. The rate of formation of sorbose was decreased 
by increasing concentrations of the substrate. However, the final yield of 
sorbose was practically independent the concentration of the sorbitol 
up to and including 35.0 per cent; there was a marked drop in yield at 
40.0 per cent. At the former value, 35 per cent, the concentration of 
sorbose reached the high value of 28 grams per 100 ml. of medium. The 
use of high concentrations of the sorbitol affords an easy method for the 
laboratory production of sorbose with the handling of minimum voliimes 
of liquids. Wells, Stubbs, Lockwood, and Roe (1937) have adapted the 
process to the use of submerged growth of Acetohacter suboxydans in a 
rotating drum developed for the production of gluconic acid by molds. 

Studies have also been made in these laboratories on the effect of 
concentrations of other polyhydric alcohols upon the yields of the cor- 
responding ketose sugars through the action of Acetohacter suhoxydans. 
Underkofler and Fulmer (1937) found that maximum yields of dihydroxy- 
acetone were not obtained in concentrations of glycerol above 6.0 per cent. 
According to Whistler and Underkofler (1938) the concentration of meso- 
erythritol should not exceed 4.5 per cent for maximum production of 
I-erythrulose. Dunning, Fulmer, Guymon, and Underkofler (1938) in- 
vestigated the action ot Acetohacter suhoxydans upon i-inositol. The 
organism could not be subcultured beyond the fifth transfer upon an 
inositol-yeast extract medium. However, the addition of very small 
amounts of sorbitol permitted indefinite subculture and vigorous oxidation 
to a diketo-inositol. Data, to be published later, show that low concentra- 
tions of erythritol, glycerol, mannitol, and dextrose can replace sorbitol 
in the above medium. 

The results mentioned above show a variation in the relation of 
concentration of substrate and yield of the corresponding ketose sugar. 
The maximum concentrations permissible without interfering with the 
final yield are 35 per cent for sorbitol, 6 per cent for glycerol, and 4.5 per 
cent for meso- erj^ritol; in the case of i-inositol an additional substrate, 
in low concentration, is necessary for continuous subculturing and 
oxidation of the substrate. 

While mannitol, a steroisomer of sorbitol, has been reported by earlier 
workers to be oxidized by Acetohacter suhoxydans, no systematic studies 

^ Hiis work was supported in part by a grant from the Science Division research 
fund of the Iowa State CoUe^ for studies on die fermentative utilization of agricultural 
products. The kindness of me Atlas Powder Co. in furnishing the mannitol is much 
appreciated. 
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have been reported on the concentration-yield relationships. The present 
communication deals with the development of conditions giving hi^ 
yields of levulose. The culture employed is the same as that used in 
previous studies in these laboratories. The stock cultures were carried 
on yeast extract-glycerol-agar slants. The cultures used for inoculation 
were kept active by transfer, each 48 hours, into a medium containing 
0.5 g. of yeast extract (Difco powdered) and 5 g. of mannitol per 100 ml. 
of medium in 300-ml. Erlenmeyer flasks. Since disturbing an active sur- 
face growth of the culture materially reduces the yield of the fermentation 
product, each datum presented in the following tables represents the 
analysis of the contents of a separate flask. The levulose determinations 
were made by the Shaffer-Hartmann (1920) method; the dextrose factor 
was mifltiplied by 1.1 to obtain the levulose value. Crystalline levulose 
was prepared from the fermented medium by a procedure similar to that 
employed by McGlumphy, Eichinger, Hixon, and Buchanan (1931) for 
tlie separation of the sugar from the juice of the Jerusalem artichoke. 

In table 1 are presented data showing the effect of varying surface- 
volume ratios (sq. cm. area per 1 ml. volume) upon the production of 
levulose. While the rate of reaction is slower with decreasing ratio, the 


TABLE 1. The effect of surface ^volume ratio (sq. cm. area per 1 ml. medium) upon 

the production of levulose 


Time 

days 

Surface-volume ratio 

2.36 

1.195 

0.895 

0.589 

0.345 

0.200 

3 

96.0 

82.0 

54.0 

39,0 

24.0 

14.3 

5 

95.0 

94.0 

92.0 

83.0 

41.3 

43.3 

7 

95.0 

94.0 

94.0 

92.0 

82.0 

62 0 

9 





92.0 

81.0 

14 






93.0 


final yield is little influenced at ratios varying from 2.36 to 0.200. Table 2 
shows the relation of yield of levulose to the concentration of mannitol. 
Concentrations of the substrate up to and including 25 per cent slow down 
the rate of reaction, but the final yield is unchanged; at a concentration 
of 30 per cent both the rate and final 5 deld are decreased. 


TABLE 2. Effect of concentration of mannitol upon production of levulose 
(surface-volume ratio = 1.195) 


Time 

Concentration of mannitol 

“days 

10 

15 

20 

25 

30 

3 

82.8 

72.0 

42.0 

13.6 

1.0 

5 

93.5 

95.0 

92.0 

66.0 

15.0 

7 

94.0 

95.0 

93.0 

93.0 

49.0 

9 

.... 

— 

93.0 

94.0 

69.0 

14 

.... 

— 

— 

.... 

80.0 
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SUMMARY 

Data have been presented on the effect of surface-volume ratio and 
concentration of mannitol upon the production of levulose by the action of 
Acetohacter suhoxydans. Decreasing surface-volume ratio decreases the 
rate of reaction but has little effect upon the final yield throu^ the range 
studied. Up to and including 25 per cent of mannitol the rate of reaction 
is decreased while the final yield of levulose is little affected; hi^er con- 
centrations decrease both the rate and the final yield. 

That is, the concentration-yield relation^ips for the transformation 
of mannitol to levulose are similar to those for ^e oxidaticm ot sorbitol to 
sorbose and are dissimilar to those involving the oxidation of glycerol, 
meso-erythritol, and i-inositol. 
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EQUIPMENT FOR RADIOGRAPHY WITH SOFT X-RAYS 
F. M. Baxley and G. W. Fox 
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Radiography, as applied to the study of small objects (for example, 
insects) , requires the use of soft x-rays in conjimction with fine grained 
photographic plates from which suitable enlargements may be made. 

Goby (2) , Friche (1) , Sherwood (4) , and others have developed the 
soft x-ray tec^ique for studying smaU biological specimens, but this 
application has not become general. The slow development of this field 
can doubtless be attributed to the lack of information concerning the 
apparatus required, and also to the high cost of such equipment. The pur- 
pose of this paper is to present the important features and methods of 
constructing such equipment. 

Sherwood (4) , following the original work of Goby (2) , has success- 
fully applied the soft x-ray technique to stereoscopic and motion picture 
work. As in ordinary radiography, the object to be rayed must be jclose to 
the photographic plate so that a shadow image may be formed by radiation 
from the x-ray tube. The plate must be protected in a holder, opaque 
to ordinary light, but transparent to x-rays. Sherwood recommends, be- 
cause of its lack of texture, an infra-red gelatin filter (Wratten No. 87) as 
a protecting window in the holder. Thin black paper can be used, although 
its structure may appear in the radiograph. With the average specimen, 
however, this is of little consequence, and since paper is not so easily 
damaged by moisture, scratches, or fingerprints, it is often preferable. 

Sherwood found that a variety of photographic materials were suit- 
able, but recommends slow lantern slide plates as the most satisfactory. 
Enlargements of from five to ten diameters retaining the details of the 
image are attainable with such plates. 

The x-ray wave lengths used in this work included the range between 
3.8 and 0.82 Angstroms. This represents tube voltages of 4 to 15 Kv. peak. 
The lower voltages must be used for very thin specimens in order to 
preserve contrast. 



As in other types of photography, the sharpness of the negative image 
determines the magnification possible in the final print. With x-rays, the 
sha^ness depends on the diameter of the focal spot, the dimensions of 
which are of primary importance in the tube design. 
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Figure 1 r^xsents x-rays originatmg from a source of width S, passLog 
throuid^ a structure element of width O, and forming an image of width I. 
Let the distance between the source or focal spot and the object be L and 
that between the object and the image be R. Ihen clearly, 

I- 0(R + L) 

L 


and 


dl = 


RS 

L 


As a consequence of these two equations we have the following 
stipulations: 

1. For I to reproduce faithfully, O, R must be small. 

2. For dl to 1^ small, R and S mu^ be small or L large. 

3. dl is independent of I. 

Since ^ is the factor which controls diffusion in the image, we nmy 
set its limiting magnitude and determine the other constants to give this 
magnitude. If 1.5 minutes of arc is assumed for the limiting angla ©f 
resolution of the eye, the size of the least resolvable object when viewed 
at a distance of 25 cm. (limit of distinct vision) is approximately 0.1 mm. 
If the radiograph is to be enlarged five times, a value of 0.02 mm. is ob- 
tained for dl. If L is 250 mm. and R is 5 mm., S is foimd to be 1.0 mm. Thus 
a 1.0 mm. focal spot would provide sufficient sharpness. For thin speci- 



Fig. 2 
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mens, however, R could be reduced by half, which would allow a 2 inm« 
focal spot. 

Another important design feature is the permissible thickness of the 
pyrex window. E^stimations made from transmission tables for aluminum 
(Kirchner (3) ) , indicate that the window thickness should be less than 
0.05 mm. for satisfactory results in the long wave length region. 

TUBE CONSTRUCTION 

Two types of tubes, illustrated in figure 2 were evolved. In the ninety- 
degree typey the x-rays were emitted from an oblique face of the anode, 
along the axis of the tube, while in the ling cathode design, the x-rays were 
projected back through the cylindrical shield. Both tubes utilized similar 
construction features. 

The anode and cathode focusing cylinder were made of 0.15 mm. 
sheet molybdenum. A single loop of 4 mil timgsten wire, 4 mm. in 
diameter, was located coaxially within the cylinder, and mounted about 
1 mm. below the edge of the shield. Filament leads and anode seal were 
of 20 mil timgsten. The inter-electrode distance was 10 mm. 

Thin pyrex windows have been described by Slack (5) . The general 
scheme of construction is, first, to seal off the end of a glass tube of the 
proper diameter; then after thinning the glass by drawing and working, 
the end is sucked in to form a hemisphere. As a result of this shape, the 
atmospheric pressure is distributed along the glass wall as a tension, after 
evacuation, and enables the wall to withstand the pressure inspite of its 
thinness. 

The principal steps in the construction are given in figure 3. The 
operations, on the whole, are routine glassblowing procedures. To form 
the thin window, a gentle flame of high oxygen precentage compared to 
air is recommended. 


TUBE EXHAUSTION 

The production of an x-ray vacuum, although now a common process, 
involves careful procedure and scrupulous attention to details. The degree 
of vacuum required by a Coolidge tube amoimts to a pressure of the 
order of 10’* to 10'® mm. of mercury. With modem pumping systems such 
pressures are easily obtained, but the success of the exhaustion process 
depends primarily on the removal of the occluded gas from the 
metal parts. It was found that with the small metal parts used, the out- 
gassing process could be most easily accomplished by means of electron 
bombardment. 


ELECTRICAL EQUIPMENT 

A diagram of the electrical circuit is shown in figure 4. The 500 VA 
transformer Ti has a 15,000 volt secondary, the primary voltage being 
115 volts. One end of the secondary was grounded. The current was 
fed in throu^ an auto transformer T3 with the voltmeter Vi attached to 
read input voltages. To was a radio tube filament transformer with a 5- volt 
winding. The 6-ohm variable resistance R in its secondary circuit 
varied the filament current. The proper filament current could be deter- 
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(A) 


) 


(F) 




(B) 



c 




(c) 


(H) 



Fig. 3. A, Test tube; B, Shoulder seal; C, Thinned end in preparation for window; 
D, Window formed; E, Side tube attached; F, Enlarged section of neck with re- 
entrant tube; G, Exhaust tube attached; H, Cathode assembly; I, Cathode 
assembly seal; J, Finished tube. 
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mined best, however, by observing the tube current read on the millia- 
meter A inserted in the groimd side of the system. 

TUBE MOUNTING AND SPECIMEN HOLDiai 

When viewing an object from the distance of most distinct vision 
(25 cm.) the eyes subtend an angle of approximately fifteen degrees. 
Th\is, stereoscopically, the eyes receive two views of an object, at 25 cm., 
from positions fifteen degrees apart. If, then, a stereoscopic radiograph is 
to be made, the image forming rays should originate from sources which 
are located at the positions occupied by the eyes when focused on the 
object. 

Only one source of x-rays is necessary, for it may be shifted from 
one position to another, and the two views recorded separately. Pro- 
vision must be made, however, for changing the photographic plate 
between the exposures. 

The supporting rack for the tube was designed to accomplish the 
stereoscopic motion, figure 5. The tube itself was clamped to a section of 
insulating board which could be moved vertically in the rack. This feature 
allowed adjustment of the anode-film distance. 

Sherwood (4) mentions several types of specimen platforms. A 
simple one was constructed from an old lantern slide carton. It is included 
in Plate I, upper figure. An opening was cut in the top of the cover, and a 
thin sheet of black paper pasted in to form an opaque window. The sensi- 
tive plate was then held against the window by the spring action of cotton 
wadding. 


RESULTS 

Windows of 52 microns thickness were successfully fabricated. These 
transmitted sufficient radiation for wave length below 1.3 Angstroms. Pin- 
hole pictures of the focal spot indicated that the radiating area was limited 
to a diameter of 2 mm. 

The radiated energy from the tube was meaured with an “Open Air 
Ionization Chamber” (6) at several tube voltages and at an anode- 
ionization chamber distance of 9.4 cm. The values obtained are shown in 
the table below. 


Kilovolts peak Intensity in R units 


22.6 51.7 R per minute 

20.3 37.2 

18.1 23.4 

15.7 12.9 

13.5 6.3 


The tube could be operated continuously at a voltage of 15,000 R.M.S. 
and a cxirrent of 2 milliamperes, which represents a heat dissipation of 
30 watts. 

Plate I, lower figure is a stereoscopic view of a cockroach, taken with 
the apparatus, and presents a sample radiograph of a t 5 rpical soft x-ray 
specimen. 

In conclusion we wish to express our thanks to Mr. L. E. Pinney for 
his many helpful suggestions. 
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PLATE I 

Upper Stereo x-ray apparatus 

Xx>WER* Stereoradiograph of cockroach (Pertplaneta amencana). 






SOME EXPERIMENTS WITH FERTILIZERS FOR EVERGREEN 

SEEDLINGS^ 
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From the Forestry Department, Iowa State College 
Received April 20, 1939 

In this paper it is the purpose to record certain results of tests made 
-with fertilizers of coniferous nursery stock carried on by advanced 
students in forestry at Iowa State College. 

In order to meet the requirements for an increased output of s m a U 
nursery grown trees now demanded in our expanded forest planting 
programs and to secure rapid growth and well developed stock it has 
become necessary to study how to maintain and increase the fertihty of 
the soil in the nursery where the trees are produced. In outlining the 
work for the various students it was the desi^ principally to test the 
effects of various organic and inorganic fertilizers containing nitrogen, 
phosphorus and potassium, and to observe the effects of acid or basic 
forming fertilizers on certain soils. 

The inorganic nitrogen fertilizers come in two distinct fomss: (6) 
those which have the more readily soluble and leachable nitrate form and 
those which have the ammonia compoimds. The organic nitrogen may be 
obtained from materials such as dried blood and bonemeal. The steaming 
of the bonemeal will remove the less soluble fats and proteins. The pho^ 
phorus is available in three main groups: the ammo-phosphates and 
superphosphates in the first group; the reverted or citric-soluble phos- 
phoric in the second; and thirdly the phosphatic residues which are ^o 
citric soluble. In still another group is the phosphate rock. Potassium 
fertilizers occur in the form of potassium chloride, called 9^ 

potash, potassium sulfate, potash magnesia, potassium nitrate and 
wood ai^es, etc. These are generally quite soluble and readily available, 
but the first two may be acid forming. Phosphorus compounds mscussed 
by Pierre (10) are not strongly acid or basic forming in the soil, in fact, 
the purer forms tend to neutralize it but certain combmations may te 
used such as tricalcium phosphates, bi-, or monocalcium phosphates which 
reduce acidity. Petersen (9) states that sodium phosphate has the same 
effect. 

The conditions which may influence the results, aside from the 
fertilizers themselves, are the species of trees used in the tests. It seems 
that the same reagents bring about different results for pine, sprace, ma 
Douglas fir, and that the white and yellow pines react differently to the 
same treatment. Again the planting stock may respond in different ways 


^ Ihese studies have been under the directicMi of the wmor author The theses ^d 
reports forming the bases for this article were prepay by 

ClSistensen, Joseph Stoeckler, B. A. Bateman, A. L. McComb, Gordon Gray, and C. E. 
Anderson. It was a part of Mr. Stump's work to collect the data from vancms thes^ 
and it remained for Professor Larsen to select the more suitable material and prepare 


** B. J. Firkins in the Department of A^nomy has giwn vduable 

in miggei rtin g the kinds of fertilizers, quantities and combinations to use. 
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according to age, for those of the second year in the seedbed ordinarily 
show more de^te trends than those of the first year. 

No doubt one of the chief causes of variations lies in the soil or the 
media used for the tests, the physical and chemical constitution of which 
are capable of a wide range of variations, and the soil itself at the various 
nurseries where the tests have been made account in no small degree for 
the variable responses reported by the investigators in this field. 
Wahlenburg (11), experimenting on what is a distinctly acid soil in 
Montana, obtained best results with lawn dressing, blood and bonemeal, 
ammonium sulfate, dried blood, potassium nitrate, ammonium and cal* 
cium nitrate. Lunt (4) , who used bloodmeal, hyper-humus, magnesium 
sulfate, milorganite, peat moss, red pine duff, sulfur tankage, and Nitro- 
phoska on acid soils in Connecticut, obtained poor response with acidifying 
reagents and better responses with Nitrophoska, tankage, potassium 
singly or with phosphorus. 

The first tests in these series were made at the older nursery near the 
Armory. The land here is a part of the general upland plain but with here 
and there a minor depression which has caused the soil to become heavy 
and slightly alkaline. At the State Avenue nursery southwest of Ames, 
the land is largely upland plain with more pronounced slopes. The soil is^ 
therefore, better drained, less compacted, and from neutral to slightly acid. 
Anderson’s work was carried on on the upland section of this plain and 
the experiments of McComb and Gray on the gentle easterly slopes. 
Christensen and Stoeckler ran their tests in the college greenhouse. 

Marriage (5) conducted his experiments at the Armory nursery in 
1931. The soil is a Wisconsin drift and the propagation beds are located 
in a section with rather heavy and poorly drained soil. Some rotted 
manure had been applied to all of the seed beds at time of installation. 
Six different fertilizers were used in the experiment (see table 1) . Of 
these the aluminum sulfate was used in order to try the effect of an acid 
forming substance, and sodium nitrate to test the effect of a basic forming 
materi^. The seedbed units selected for treatment were 4x6 feet and in 
the middle of each a strip 2x4 feet was left as a check, the fertilizers being 
applied to the rem^der, after the germination was complete and the new 
plants established.' Water was applied immediately after the treatment in 
order to prevent injury to the stock by the concentrated chemicals. 

At the end of the second season twenty-four specimens of the stock 
were selected from each treated and imtreated plot. (Unfortunately the 
Norway spruce which was treated with sodium nitrate and ammonitim 
sulfate were removed from the beds before stock could be selected for 
measurements.) Each seedling selected for records was washed thor- 
oughly to remove all foreign material. The stock was allowed to air dry 
before the weights and measurements were taken. The first lateral root 
was used as the division point between the tops and roots. In computing 
the percentage of stem and of roots the controls were taken as 100. The 
top-root ratios expressed in table 1 is the percentage of weights in the 
tops to that of the roots. 

Looking at the results of these first tests it will be observed that the 
2-12-6 at 250 pounds per acre, the aluminum sulfate at 200 pounds per 
acre and the sodium nitrate at 200 pounds definitely stimulated top growth 
of the white pine, and that the aluminum sulfate was the only treatment 
which produced increase in the roots. Ammonium sulfate on the other 
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hand inhibited growth in the pine. It was expected that an acidifying 
agent such as the aluminum sulfate would prove of greater value on this 
alkaline soil than the ammonium sulfate. 

Superphosphate and Vigoro were especially beneficial for the Norway 
^ruce, both tops and roots, and the 2-»12-6 produced no positive results. 
In case of the Douglas fir any and all of the fertilizers used proved of no 
value. There was, however, considerable increase in the total wei^ts with 
the aluminum sulfate. 

Christensen (3) began his experiments at Ames in 1931. His purpose 
was to study the effect of fertilizers of organic and inorganic nitrogenous 
composition, and phosphatic and potash elements on the development of 
2-0 white pine and Norway pine seedlings (after transplanting) . These 
tests were made in the greenhouse, using jars containing 4 gallons of 
Carrington sandy loam. This soil contains by weight 45.2 per cent silt, 
18.5 per cent very fine sand, 18.8 per cent fine sand, 4.6 per cent coarse 
loam, 8.5 per cent medium sand and 4.4 per cent clay, 4,005 lbs. total 
nitrogen per acre, 982 lbs. phosphorus in the surface acre and a pH of 5.25. 

Two series of 28 pots were used each containing 40 poimds of soil. 
Each series was treated with the same amount of fertilizer. White pine 
stock was used in one series and Norway pine in the other. 

The seedlings were planted three to the jar, spaced three inches apart 
and planted at the same depth as they would have been set in the nursery. 
Soil moisture was kept near 66 per cent of the saturation and the plants 
received the utmost care. 

Before setting the seedlings in the jars, each plant was weighed and 
measured for lengths of roots and tops. All soil and surface water was 
removed from the plant before weighing, and the measurements were 
taken under water to prevent exposure and drying out of any part of the 
roots. As is customary in nursery practice the roots were cut to a maxi- 
mum length of 8 inches below the ground line before weighing. The 
increase in weight will therefore show the actual amount of root used in 
field planting and which of the fertilizers produced the best root develop- 
ment within this area. The application of the fertilizers and their results 
are given in table 2. * 

At the end of seven months the trees were removed from the jars and 
each tree was weighed and measured separately. In the 2-0 white pine 
the rotted manure and superphosphate gave the best results. Dried blood 
and a heavy application of superphosphate were next best. The rotted 
manure and the dried blood produced the greatest amount of top growth. 
Only slight effects were noted with Nitrophoska and fresh manure. A 
liberal application of dried blood and a light treatment with muriate of 
..potash plus superphosphate and the Nitrophoska gave good top-root bal- 
ances. It appears that the superphosphate, the muriate of potash with 
superphosphate and the ammonium phosphate stimulated root growth of 
the white pine. The sodium nitrate plus muriate of potash, Ae heavy 
application of the muriate of potash plus ammonium phosphate decreased 
growth very decidedly. 

Results of the fertilizers upon Norway pine differed much from those 
obtained for the white pine. In this species Ae sodium nitrate and muriate 
of potash gave the best increases of weight. The heavy treatment with the 
muriate and Nitrophoska were next in rank. Dried blood gave negative 
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TABLE 2. E§€Ct of fertilizers on seedlings of white pine and Norway pine 



White pine 

Norway pine 

Pounds 

per 

Stem 

increa^ 

Wei^t 

increase 

Sur- 

vival 


Wei^t 

increase 

Sur- 

vival 

Fertilizer 

acre 

inches 

petg. 

petg. 

Fertilizer 

petg. 

petg. 

Rotted manure. 

16,000 

5.03 

217.0* 

50.0 

Sodium nitrate 
muriate 
potash 

62.7 

83.3 

SupetphcN^hate 
(light) 

200 

.61 

144.5 

100.0 

Muriate potash 
(heavy) .... 

61.6 

33.3 

Dried blood . . . 

100 

.73 

112.0* 

100.0 

Nitrophoska . . 

31.1 

66.6 

Superphosphate 
(heavy) 

400 

.89 

106.lt 

.J00.0 

Superphosphate 
(heavy) 

30.3 

50.0 

Sodium nitrate 
(light) 

100 

.47 

77.5 

10Q.0 

Sodium nitrate 
(heavy) 

29.4 

50.0 

Sodium nitrate 
(heavy) 

200 

.47 

39.5 

100.0 

Superphosphate 
muriate 
potash 

14.8 

100.0 

Muriate potash 
(light) 

100 

.63 

35.4 

100.0 

Sodium nitrate 
(light) 

5.r 

100.0 

Muriate potash 
(heavy) 

200 

.14 

28.3 

100.0 

Check 


100.0 

Ammonium 
phosphate . . . 

15^ 

.21 

25.3 

83.3 

Muriate potash 
(light) 

- 2.1 

50.0 

Muriate -f 
superphosphate 

300 

.65 

226 

100 0 

Ammonium 
phosphate . . 

-21.1 

100.0 

Nitrophoska . . . 

106 

.60 

16.3 

J^00.0 

Superphosphate 
(light) 

-22.9 

100.0 

Fresh manure.. 

16,000 

_J..08_ 

101 

66^6 

Fresh manure. 

—29.2 i 

50.0 

Check 




100.0 

Dried blood . . 

-42.4 1 

100.0 

Sodium nitrate 
muriate potash 

200 

.85 

-21.2 

100.0 

Rotted manure 

-64.8 

33.3 


* Due more to top development, 
t Due more to root development. 


results. Superphosphate, Nitrophoska and dried blood produced the best 
roots, and the rotted manure stimulated height growth. 

Stoeckler (8) ran his experiments in the college greenhouse in 1931 
using the 4-gallon jars. He also aimed to learn the effects of various 
organic and inorganic fertilizers in stimulating growth and development 
of evergreen nursery stock. The fertilizers were used singly and in 
combination and at Afferent rates of application. The Carrington loam 
which he used gave essentially the same tests as that used by Christensen. 
It showed a total nitrogen of 4,294 pounds per acre and a phosphorus of 
1,238 pounds; a pH of 5.75. 

Series I and II consisted of 32 4-gallon jars each of 2-0 Norway pine 
and Black Hills spruce (sometimes called white spruce) , Picea alhertiana 
glauca. All applications were run in duplicate with four controls. The fer- 
tilizers were applied to the upper two inches of soil and allowed to perco- 
late into the soil by several weeks’ watering. After this treatment tiie 
plants were measured and weired and set in the jars. Before weighing 
the roots were cut to 10 inches in length. 
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In series HI blocks of the nursery soil, in which were 1-0 white pine 
seedlings, were taken from the nursery bed, trimmed down to fit the 
1-gallon jars, and the fertilizers applied to the surface. In series IV, in 
which ja^ pine seed was used, the fertilizers were worked into the upper 
two inches. When the jack pine seedlings were up and well estab- 
lished they were thinned to about 25 per jar. Distilled water was applied 
to the jars every three or four days. 

When die final weights and measurements were taken in May, it was 
found that practically no height growth had taken place in any of the 
-series, althou^ those which responded to the treatment showed distinct 


TABLE 3. Effect of fertilizers on transplarUs of Norway pine and white spruce 

(Series I and 11) 


Fertilizer 


im 

Norway pine, series I 

White spruce, series n 



In- 

crease 

Total wei^t 
seedlings 
grams 

In- 

crease 

1930 

1931 




pctg. 

Concentrated 

3.12 


8.33 


— 


5.60 

44 

tankage 

624 

1,000 

10.33 

12.35 


■SSfl 

635 

43 

Steamed 


300 

12.60 

15 82 



5.27 

51 

bone meal 


600 

8.60 

12.05 


4.77 

5.82 

22 

2-1-1 

1.25 

200 



■■ 




superphoi^hate 

.624 

100 



HH 




plus 

.208 

33 

16.34 

22.85 


3.67 


25 

muriate potash 

2.50 

400 



■■ 




sodium nitrate 

1.25 

200 








.416 

66 

10.75 

17.22 

Bl 

3.44 

4.45 

29 

Ammonium 

.97 

155 

12.47 

17.23 


2.78 

3.80 

37 

sulfate 

1.94 

310 

1032 

11.80 


2.65 

mEM 

43 

Superphosphate 

.75 

120 

20.68 

27.10 


2.92 

4.05 

39 


1.50 

240 

16.53 

23.67 


2.10 

2.85 

36 

Muriate potash 

.62 




WSM 

M 



plus 

.75 

120 

14.31 

21.52 



3.70 

54 

superphosphate 

X2S 





BRl 




1.50 

240 

16.91 

21.25 



3.00 

57 

Ammonium sulfate 

.97 

155 




■M 



plus 

.75 

120 

14.96 

23.98 



4.32 


superphosphate 

1.94 

310 








1.50 

240 

13.67 


48 

3.07 

3.75 

22 

Check 

.... 

.... 




5.67 


24 


increase in the fullness of the tops and bushier crowns. However, a very 
^distinct difference in root development between the fertilized and im- 
fertilized stock was revealed, and the results give strong proof that root 
growth of conifers raised in the greenhouse, or in the nursery where the 
soil temperatures are suitable, may begin several months earlier than the 
tops. At the end of the experiment some roots were 24 indies long, al- 
though they had been cut to a length of 10 inches when installed in the fall. 

hi series I and 11 we find that the 2-1-1 combination of superphos- 
phate, muriate of potash and sodium nitrate gave an increase of 40 per cent 
over the diecks for Norway pine. Ihis combination without the nitrate 
gave 50 and 26 per ceAt increase, somewhat better for the i^ruce than for 
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TABLE 4 . Effect of fertilizers on 2-0 vjhite pine and seedlings of iack pine 

(Series m and IV) 


Check 


Series IV, 
jack pine seed 

Poimds 
per acre 

Total 
weight of 
seedlings 
grams 
2.30 

Rating 

100 

Total 
wei^t of 
seemings 
grams 
4.0 

Rating 

100 

Concentrated 

1,500 



433 

108 

tankage 

3,000 

MM 


3JS5 

89 

Steamed 

900 


MM 

3.75 

96 

bone meal 

1,800 

MUM 

■om 

5.66 

142 

Sodiiim nitrate 

600 





superphosphate 

300 





muriate potadi 

99 

1.90 



75 

2-1-1 






ratio 







198 

2.25 



103 

Ammonium 

485 




113 

sulfate 

930 



KIM 

94 

Superphosphate 

360 



IjHMirnjM 



720 




175 

Muriate of potash 

300 





plus 

360 

2.45 

102 

5.70 

143 

superphosphate 

600 






720 

2.80 

117 

9.00 

225 

Ammonium sulfate 

465 





plus 

360 

2.15 

90 

6.90 

173 

superphosphate 

930 






720 

2.35 

98 

400 

100 


the pine. (Results for the light applications are stated first and the heavy 
last.) Superphosphate singly gave 31 and 43 per cent increase for the 
pine; 39 and 36 per cent for the spruce. The checks show 27 per cent 
increase for pine and 24 for spruce. Aluminum sulfate and superphos- 
phate also gave very good results with 60 and 48 per cent increase in 
weight for the pine and 40 and 22 for the spruce. Stoeckler did not go into 
the matter of top measurements in the nitrogenous fertilizers, thinking 
it not worth while since no top growth was observed, yet the photographs 
indicate a very decided increase in the fullness of the tops. 

For the white pine in series III the applications of superphosphate 
ranked first with 177 per cent increase for the light and 202 per cent for 
the heavy treatment. (100 is used for the checl^.) Steamed bone meal 
proved next best with 137 and 117 (light and heavy use), while the 
muriate of potash and superpho^hate came in third with 102 and 117. 
These figures are based on the total weights of the seedlings after the 
roots had been trimmed to 10 inches below the soil surface. In the case 
of jack pine, which had been raised from seed in the greenhouse, the 
miiriate of potash and superphosphate combination came in first wi& 143 
and 225 per cent increase and the superphosphate second with 108 and 175. 

There is some objection to tests with fertilizers nm in the greenhouse 
on the groimd that the soil in the jars may be less satisfactorily aerated 
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than is the case in the nursery, that the circulation of the carbon dioxide 
and nitrogen is somewhat impeded which through the decomposition of 
the organic fertilizers play an important role in dissolving certain plant 
foods. For these reasons the fertilizex^ which require oxygen for decom- 
position or carbon dioxide for solubility may never be able to bring out 
their full values. On this account the results obtained in the greenhouses 
may not apply in the nurseries. 

Bateman, Gray and McComb (2) tested the effects of certain com- 
mercial fertilizers on coniferous nursery stock in 1932 at the State Avenue 
nursery. They used northern white pine and red pine and Norway spruce 
in seed beds, 1-0 and 2-0 transplanted stock. Seven different fertilizers 
were used, each with li^t, medium and heavy application; Urea, urea and 
lime, ammonium sulfate, dried blood and bonemeal, 1: 2, Sheepo, 4-12-0, 
Vigoro and Vigoro plus 4-12-4. (See table 5.) The seedbeds were 3 x 12 
feet divided into four 3x3 sections, each section separated by a 1" x 6" 
board placed on edge. The seeded plots were previously treated with 
formaldehyde at the rate of 5 gallons of 1 per cent solution per nine square 
feet of surface. 

In the case of the transplants there were 55 trees of 1-0 and 44 of the 


TABLE 5. Effect of fertilizers on white pine seedlings, 1-0 and 2-0 transplants 


Fertilizer 

Amount 
per plot 
grams 

Seeds 
planted in 
fertilized 
beds 

1-0 

transplants 

2-0 

transplants 

Average 

leng& 

cm. 

Average 

length 

cm. 

Average 

length 

cm. 

Stem 

diam. 

mm. 

Tops 

Roots 

Tops 

Roots 

Tops 

Roots 

Urea 

12.502 

9.6 


9.4 

28.0 


38.1 

6.6 


18.753 

10.6 


8.6 

24.1 


33.9 

6.6 


Control 

10.5 


8.2 

26.3 


33.3 

6.6 

Ammonium 

28.115 

10.9 



26.2 

tBEM 

35.4 

6.3 

siilfate 

42.173 

9.8 


9.9 

32.5 


34.4 

4.9 


Control 

9.8 




10.3 

33.1 

Kul 

29.9 

5.6 

Urea 

12.50- 749.75 



BISQI 

19.8 

22.1 

31.4 

85 

and 

18.75-1124.63 

mfim 




18.6 

28.4 

7.4 

lime 

Control 



9.5 

28.2 

17.4 

30.2 

6.6 

Dried blood 

52.351-38.781 

mio^m 

HESM 

9.5 


18.8 

36.2 

7.1 

and 

78.527-58.171 

mEfm 


9.8 


17.9 

29.9 

6.7 

bone meal 

Control 


HQQI 

9.1 


17.3 

31.6 

6.9 

Sheepo 

374.87 


BEOI 

9.4 

31.1 

16.2 

32.9 

65 


562.31 



10.2 

25.7 

19.2 

38.8 

I 7.5 


Control 


Kill 

9.1 

26.8 

16.6 

28.6 

1 6.9 

4-12-0 

140.58 





21.6 

34.0 

8.1 


210.87 




30.5 

23.3 

32.1 

7.9 


Control 




23.2 

17.4 

28.4 

6.2 

Vigoro 

140.58 

8.9 

19.6 


. 

18.6 

35.6 

7.1 

4-12-4 

210.87 

8.8 

22.8 

9.9 

25.4 

18.1 

32.5 

6.7 


Control 

« 

9.8 

23.2 

8.4 

20.8 

20.8 

32.9 

7.2 
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2-0. The fertilizers were weired out and applied to the upppr two inches 
of soil. The dried blood and bone meal nitrogen was on the basis of 30, 
60 and 90 grams and for phosphorus 60, 120 and 180. The dried blood con- 
tained 10 per cent nitrogen and bone meal, 1 per cent phosphorus and 29 
per cent potassium. The Sheepo was rated at 1.5 per cent nitrogen and 
0.7 per cent P 2 O 5 . The superphosphate had 20 per cent Bosphorus. 

Analysis of the nursery soil, made in triplicate, showed 50.8 to 52.4 
per cent sand; 12.4 to 20.4 per cent silt, and 20.0 to 27.2 per cent clay; an 
hygroscopic coefficient 4.40 to 5.57; capillary capacity 45.9 to 55.6; carbon 
1.288 to 1.636; organic matter 2.220 to 2.826; pH of 5.23 to 5.38; nitrogen 
0.131 to 1.154 per cent and P 2 O 6 from 0.0535 to 0.0580 per cent. 

Measurements of the height of stem, length of roots and diameter of 
the stem at ground line were recorded at the end of the first and second 
years. The plants were then cut in two and the tops and roots dried sep- 
arately in an oven at 105 degrees C. ‘to a constant wei^t. The dried 
samples were weighed and the averages computed for each of the ferti- 
lizers used. (McComb did this the first ye^ and Bateman the second.) 

Somehow this experiment did not give satisfactory results. There 
were considerable variations in the results and a lack of definite tendencies 
expressed. In some cases the transplant survival was deemed insufficient 
for reliable data, especially in case of the spruce. For these reasons most 
of the original tabular data have been omitted. 

Increase in top and root growth gives no consistent relation for the 
seedlings, 1-0 and 2-0 transplants throughout, nor were the two species 
affected in the same direction by the same fertilizer. 

Considering the white pine in table 5 it is observed that urea stimu- 
lated top growth of the 2-0 stock and caused no effect on the rest; 
ammonium sulfate produced no general effect but decreased the tops and 
increased the roots of the 2-0 appreciably. The effect of urea and lime was 
generally to reduce root development with no top stimulation. Dried 
blood and bone meal tended to increase the top-root ratio. Results with 
the Sheepo are negligible except in one instance where a remarkable boost 
showed in root development of the 2-0 stock, especially with the heavy 
application. The 4-12-4 was ineffective on the seedlings but showed some 
stimulation in the tops and roots of the 2-0 white pine. Vigoro and 4-12-4 
appears to have augmented both tops and roots of the 1-0 during the first 
and second seasons. 

The fertilizers which evidently became almost immediately available 
for white pine are ammonium sulfate, 4-12-0 and 4-12-4. Sheepo, on the 
other hand, is of much slower action and would be more suitable for use 
on stock which remains longer in the nursery. In general it may be said 
that, since the soil used in ^ese tests is in itself fairly fertile, deferences 
induced by the use of fertilizers would tend to diminish, as they have in 
these experiments. 

Anderson (1) conducted his experiments in 1933 in the State 
Avenue nursery at Ames on first year white pine seedlings. 

The various fertilizers used are given in table 6. Each of the 4 x 12 
nursery beds was divided into three sub-sections designed for individual 
treatment. The soils were of the Carrington and Dickinson loam. These 
are quite similar in their chemical composition, but the Dickinson contains 
more of the sand and ^ows therefore 6 per cent lower field moisture. 

During the growing season the soil moisture was maintained at from 
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TABLE 6. Effect of fertilizers on i-0 white pine seedlings 



Height 

of 

Root 

Oven-diy wei^dit 
100 plants 

Mineral absorption 


stem 

length 

Tope 

Hoots 

Total 

1 N percentage 

1 P percentage 

Fertilizer 

cm. 

cm. 

gm. 

gm. 

gm. 

Tops 

Roots 

Tops 

Roots 

Check 

6.18 

23.12 

Ba 

5.35 

15.15 

1.30 

1.16 


.641 

Sodium 
nitrate .... 

6.03 

19.92 

9.65 

4.85 

14.50 

1.35 


.561 

.706 

Ammonium 
sulfate .... 

6.16 

22.38 


5.53 

mM 

1.70 


.574 

.607 

Dried blood.. 

6.26 

23.14 

Si 

5.13 

Big 

1.77 

. . j 

1.30 

.644 

.687 

Super- 
phosphate. . 

19 

25.82 

11.14 

HQ] 

16.94 

1.60 

1.06 

.650 

.743 

Muriate of 
potash .... 



10.00 

■n 

15.26 

1.16 



.632 

Bcme meal .. 


24.25 


5.33 

15.66 

1.47 

1.05 

.662 

.708 

Ammonium 
sulfate 
-f super- 
phosphate. . 

6.35 


mRii 

7.00 

miiiiiiii 

1.89 

1.37 

.662 

.671 

Ammonium 
sulfate -f 
muriate of 
potash 






1.86 

1.47 

.575 

.644 

Superphos- 
phate “h 
muriate of 
potash 

6.15 

24.93 

12.13 

5.40 

17.53 

1.47 

1.13 

.673 

.731 

Superphos- 
phate -f 
ammonium 
sulfate 

6.85 . 

24.27 

10.85 

5.50 

16.35 

1.70 

1.35 

.598 

.706 


40 to 60 per cent of the capillary capacity. Soil analysis previous to the 
installations give: sand 50.8 to 66.8 per cent; silt 12.4 to 20.4 per cent; 
clay 20.8 to 29.4 per cent; hygroscopic coefficient 4.40 to 5.57 per cent; field 
moisture 14.85 to 20.57 per cent; capillary capacity 45.9 to 55.6 per cent; 
carbon 1.28 to 1.63 per cent; organic matter 2.22 to 2.82 per cent; pH 5.23 to 
5.38; nitrogen 0.131 to 0.154 per cent; P2O5 0.053 to 0.059. 

In these experiments 20 per cent of the superphosphate and steamed 
bone meal is equivalent to 160 pounds of available phosphorus per acre. 
Both the phosphorus and the potassium when added to the soil may be- 
come unavailable due to several possible combinations. Soil tests which 
were made subsequent to the application of the fertilizers indicate that 
differences which may have been brought about by the treatment would 
not be over 160 potmds per acre, an amoimt or amounts difficult to dis- 
tinguish by ordinary methods of testing. 

Of considerable interest in this connection are tests which Anderson 
made of the mineral tibsorption by the tops and roots subsequent to the 







































































FSRTILZZBRS FOR EVERQRSBN SEEDUNOS 303 

measurements and weights. These may help explain the relative values of 
the results and throw li^t on their availability. 

Anderson found only slight differences in growth between the treated 
and the untreated stock at the end of the first summer. (Measurements 
and weight which were obtained at the end of the second season may come 
to li^t later.) He believed this due to the relatively hi^ fertility of the 
soil itself before application of the fertilizers. The seedlings themselves 
remove only a small portion of the nutrients, especially 1-0 stock; the 
results whi^ appear insignificant at the end of the first growing season 
may become important at the end of the second. 

In these tests it was observed that sodium nitrate and ammonium 
sulfate showed very little effect. Perhaps the sodium nitrate should have 
been applied after, instead of before the germination. The nitrogen seems 
to have increased top growth in most cases, especially when it was com- 
bined with ammonium sulfate, superphosphate or muriate of potash. 
(Some agency in the soil may have rendered the nitrogen unavailable.) 
Even the steamed bone meal treatment remained ineffective, but when- 
ever superphosphate was used, either singly or in combination, a distinct 
increase in weight was observed, and more so in the roots than tops. 
Ammonium sulfate and superphosphate in combination gave the g^atest 
increase in wei^t. Anderson stated that this gain is most likely caused 
by the superphosphate since the ammonium sulfate singly gave only slight 
benefit. Muriate of potash and superphosphate in combination also pro- 
duced better and heavier stock. 

By scanning the data in table 6 we may observe that the absorption 
of nitrogen by &e tops was increased mostly by the use of nitrogen fer- 
tilizers, especially by the ammonia compounds; results with the dried 
blood and sodium nitrate were intermediate and low for muriate of potash. 
The absorption of nitrogen by the roots was hipest with ammonia com- 
poimds, medium with superphosphate and bonemeal and lowest with the 
muriate. The use of the phosphorus showed but slight increase of this 
mineral in the roots and no appreciable increase in the tops. 

Anderson stated that phosphorus and potassium may form combina- 
tions in the soil and thus become unavailable to the plants. In this con- 
nection the following from Nemec (7) are of interest: “In some instances 
favorable results were obtained in height growth of evergreen seedlings 
in the nursery with 40 per cent potassium salts but only if the soils were 
neutral or alkaline and contained an insufficient amount of soluble potas- 
sium (less than 160 miligrams of KoO soluble in 1 per cent citric acid) . 
In a soil group with an acid reaction indicative of a hi^er chlorine con- 
tent the fertilizing with salts of potassium indicated no increase in growth 
of the pine, even in the case where the soil lacked potassium to a large 
extent. Ite retarding influence of the 40 per cent potassium salts woxild 
not result from the K 2 O content but from the unfavorable influence of 
the chlorine in the potassium salts. The fertilization with potassium sul- 
fate was not attended with favorable results. Fertilization with potassium 
has in most cases sliown a decrease in the absorption of this element in the 
pine needles.” 


SUMMARY 

Tests were made of the effect of organic and inorganic fertilizers on 
evergreen forest planting stock at Ames, Iowa, by several graduate stu- 
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dents in the Department of Forestry. Some of the more outstanding re- 
sults are as follows: On a somewhat alkaline soil the aluminum suHate, 
sodium nitrate and 2-12-6 definitely increased top growth of white pine; 
aluminum sulfate stimulated root development of white pine and Douglas 
fir; superphosphate and Vigoro benefitted both tops and roots of the 
Norway sfpruce. (Marriage.) 

In the greenhouse tests the rotted manure, superphosphate and dried 
blood stimiilated top growth of white pine but dried blood, with muriate 
of potash plus superphosphate and Nitrophoska gave increased growth 
and good top-root balance. For Norway pine the sodium nitrate and muri- 
ate of potaj^ gave marked increase in weight but there was no response 
with dked blc^ alone. (Christensen.) 

Tests with Norway pine and white spruce in the greenhouse re- 
sponded well to superphosphate, muriate of potash and so^um nitrate in 
combination; the nitrate, however, did not seem essential for the spruce. 
Both the pine and the spruce responded well to treatment with superphos- 
phate and aluminum sulfate. In case of white pine and jack pine a combi- 
nation of superphosphate, steamed bone meal or superphosphate with 
muriate of potash gave good results. (Stoeckler.) 

Bateman, Gray and McComb obtained increased top and root growth 
of white pine in the nursery with Vigoro and 4-12-0; increase in tops over 
the roots with dried blood and bone meal; Sheepo and 4-12-4 appeared 
rather slow acting for one year white pine stock. 

In another set of experiments carried out in the nursery, super- 
phosphate increased the weights of 1-0 white pine very materially, 
ei^ecially the root parts; some response was also noted with sodium 
nitrate when combined with superphosphate or ammonium sulfate. 
Steamed bone meal remained ineffective. 

The absorption of nitrogen by the leaves was augmented by the 
ammonia compounds, superphosphate, dried blood and sodium nitrate, 
and the superphosphate, bone meal and muriate of potash combination 
tended to increase the absorption of phosphorus in the roots. (Anderson.) 

In general the use of nitrogen fertilizers gave increase in top growth 
of the seedlings and transplants and those containing phophorus definitely 
increased root development. In the nursery a combination of fertilizers 
containing nitrogen, phosphorus and potassium was in most instances 
more effective than a single treatment of only one element, both in the 
organic and inorganic applications. In the greenhouse tests single elements 
frequently proved more effective. 
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PLATE I. 

Fiq. 1. (upper) Two-year-old white pine seedlings, fertilized with aluminum sulfgte. 
l>»Two hundred pounds per acre. 

F— Two hundred fifty potmds per acre. 

E— Control. 

Fig. 2. (center) Two-year-old white pine seedlings. 

1>— Fertilized with Vigoro at 250 poimds per acre. 

F— Fertilized with superphosphate at 200 pounds per acre. 

E— Control. 

Fig. 3. (lower) Two-year-old white pine seedlings. 

D—Fertilized with ammomum sulfate at 150 pounds per acre. 

F— Sodium mtrate at 200 pounds per acre. 

E—Control. 
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PLATE II. 

Fig. 1. (upper) Norway pine in greenhouse fertilizer experiments. 
D— Muriate of potash. 

F. — Superphosphate. 

E — Control. 

Fig. 2. (lower) Norway pine in greenhouse fertilizer expKjriments. 
A — Ammonium sulfate. 

C — Superphosphate . 

B — Control. 
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PLATE III 

One-year-old white pine in nursery fertilization experiments. 

J — Superphosphate and muriate of potash at 800 and 160 pounds per acre, respectively. 
B — Control. 

K — Ammonium sulfate and superphosphate at 400 and 800 poundsper acre, respectively. 
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Relatively littie is known concerning the action of micro-organisms 
on fats. Most of the tests now available for practical analytical work give 
only a general indication of the nature of the changes involved. This 
applies particularly to those methods where the action of micro-organisms 
is determined by the changes they produce in globules of fatty material 
suspended in an agar meditnn. llie nile blue technique used by Turner 
(1), the copper sidphate method employed by Carnot and Mauban (2) 
and Berry (3), and the simple triglyceride and natural fat techniques 
developed by Hammer and 1^ associates (4) , aU give evidence of some 
action of the bacteria on the fat with the probable production of free Ritty 
adds. It is obvious, however, to those familiar with these methods, that the 
reactions they demonstrate are more complex than simple hydrolysis of 
the triglycerides to form free fatty acids. The term lipolytic as applied to 
micro-organisms, and as determined by the results of &ese and sixnilar 
tests, is capable of wider interpretation. 

As shown by Collins and Hammer (5) various lipolytic bacteria differ 
in their action on simple triglycerides. The &ct that an organism produces 
free fatty add from tripropionin or tributsndn is no uuhcation that the 
same organism will hydrolyze mixed tri^ycerides of a natiural fat, sudi 
as butter, lard, or cottonseed oil. 

A factor further complicating the situation, and not taken into con- 
sideration in these tests, is that many organisms producing enzymes 
which hydrolyze the fats, also produce powerful oxidases. It is con- 
ceivable that acids formed during the later stages of oxidation may give 
with these tests a result similar to the action of a simple lipase. In most 
cases, however, hydrolysis and oxidation will be proceeding at the same 
time, producing the complex and varied reactions which are known to be 
taking place. 

From a practical standpoint, when the “lipolytic” bacteria are further 
clasdfied by their actions on fats, a step will be made towards better 
imderstanding of the relation between bacteria and many of the off flavors 
they produce in fatty foods. 

The object of we work reported in this paper b to throw further 
light on tiie significance of color changes in certain dyes which may be 
used as indicators in fat emulsion agar media. Nile blue sulphate was 
used because of ib apparent suitability as an indicator for tiib purpose, 
as well as the fact that it has been recommended by the Committee on 
Bacteriological Methods of Ihe American Dairy Science Assodation (6) . 
So far as b known, methylene blue has not bera used to show changes in 
fat. lb wide^read use in so tnany other wajrs and the general f a mil hu i ty 

’Dairy C!h«iiist 
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with its mechanism lends added interest to its application as an indicator 
of bacterial action on fat. p-Aminodimethylaniline monohydrochloride 
has been recommended by Jensen and Grettie (7) to be iised in con* 
jimction with oil emulsion agars for detecting the action of micro- 
organisms on fats. They first grow the organism in an oil-agar medium 
without the addition of any indicator. Lipolytic bacteria are identified by 
a transparent or translucent zone around the colonies. This oxidase- 
detecting dye is then flooded over the surface of the agar and those 
colonies producing oxidizing enz 3 mies are indicated by the deep rose-red 
or purple colors Aey assume. Further observation with the microscope 
^ows that as well as the bacterial colonies the fat globules themselves 
take on various colors when this dye is added. In the first case, the color 
results from the direct action of the bacterial enzymes on the dye. In the 
second case, the dye shows, not the direct action of the enz 5 ane, but the 
apparent changes the enz 3 mies produce in the fat. 

NILE BLUE SULPHATE 

The peculiar staining properties of nile blue sulphate and other dyes 
of the oxazine series were discovered by Smith and White (8) of Man- 
chester University. At their request Thorpe (9) imdertook to investigate 
the dhemistry of the phenomenon. The conclusions of this early work are 
as follows: Applied to material containing neutral fat and fatty acids, these 
dyes colored the fat red and the fatty acids blue. In reality it is a double 
dye, the oxazine, and its corresponding oxazone produced from it by 
boiling in dilute sulphuric acid. Fats and many solvents (xylol, ether, 
petroleum ether, benzine, chloroform, carbon tetrachloride, and carbon 
disulphide) take up only the oxazone. Fatty acids take up both dyes and 
are colored from blue to purple, depending upon the relative amoimts of 
blue and red substances present in tihe dye. An aqueous solution contains 
salts of both these bases, and the red oxazone can be increased ad libitum 
by boiling the solution with dilute sulphuric acid. This reaction is ex- 
hibited only by those dyes which are derivatives of phenonaphthoxazine. 
The production of ihe red compound results from the replacement of the 
amino- or substituted amino-group by hydroxyl and the consequent forma- 
tion by intramolecular change of the corresponding phenonaphthoxazine. 

In 1928 Turner (1) used nile blue sulphate as an indicator for 
lipolytic bacteria grown on an oil expulsion agar, and by comparison 
foimd it greatly superior to other methods. He also foimd the dye had 
properties of a pH indicator, changing from blue to cherry red at about 
7.3 to 7.5. Later, Clark (10) gave “blue 10.2-13.0 rose” as the pH range 
of nile blue sulphate (nile blue A) , and “blue 7.2-8.6 rose” as the pH range 
of a similar dye, nile blue chloride (nile blue 2B) . This may explain the 
discrepancy in IVimer’s pH range for nile blue sulphate. 

Collins and Hammer (5) studied the action of nile blue sulphate on 
various fats and fatty acids. They foimd tripropionin, tributyrin, tricap- 
roin, tricaprylin, and triolein were all colored bright red; tricaprin, tri- 
lauiin, trimyristin, tripalmitin, and tristearin were all colored red to a 
degree whi(^ decreased rapidly with the increase in melting points until 
very little red color was present. Butyric, caproic, caprylic, and oleic acids 
were colored uniforjnly blue; capric and lauric acids varied in the inten- 
sity of blue, while myristic, palmitic, and stearic acids absorbed very little 
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of the blue color. Beef tallow, butterfat, cocoanut oil, com oil, cottonseed 
oil, lard, linseed oil, and olive oil were all colored uniformly bright red. 

Jensen and Grettie (7) substituted a mineral oil in place of digestible 
fats in an agar emulsion, using nile blue sulphate as an indicator, and 
observed color reactions in colonies similar to those considered lipoclastic 
on vegetable oil or animal fat. They believe this phenomenon to due to 
“the action of bacteria concentrated on the interfacial trap in the oil-water 
emulsion, acting on the dye in some manner, perhaps changing the 
oxidation-reduction potenti^.” 

In their “studies on Oxidation-Reduction” Cohen and Preisler (11) 
made an extensive investigation of nile blue sulphate. They foimd the 
oxazine to be an Eh indicator, and on the scale of electrode potential, to 
cover a range between methylene blue and indigo carmine. They made no 
mention of oxidation-reduction characteristics of the fat soluble oxazone. 
Apart from this one paper, little has been done to determine the action on 
nUe blue sulphate of changes in the oxidatipn-reduction potential. 

THE PROBLEM 

The problem in studying color changes in an oil emulsion agar 
medium stained with nile blue sulphate is not only the simple phenomenon 
of red stained fat becoming blue with the formation of free fatty acids. 
Many substances other than fatty acids are colored blue with the blue base 
of nile blue sulphate. In the globules the color may be restricted to small 
portions, or it may diffuse throughout the whole globule. Different 
organisms vary in the rate they change the red to blue; some become only 
shades of deeper red or purple; others change completely to blue, and 
with most of the lipol 3 ^ic organisms the color entirely disappears from 
the globules after a few days’ incubation. It must also be remembered 
that from a physical-chemical standpoint the problem is complex. Tliere 
are two systems, the oil emulsion and the colloidal agar gel, each in 
intimate contact, each containing a portion and a different portion of the 
dye. Little, if any, work has been done to determine the action on the 
two dyes in nile blue sulphate of changes in the oxidation-reduction 
potential. 

To determine some of these facts, after finding the pH range of the 
aqueous solution, much of this present work will consist of observing the 
reactions of this dye when separated into fatty and non-fatty solutions, as 
it is in the actual tests, and not only as an aqueous solution, as most others 
have considered it. 


EXPERIMENTAL 

Stock solutions of n.b.s.‘ were prepared by dissolving one gram of 
“B.D.H. Nile Blue” in one liter of distilled water. To this 4 ml. of con- 
centrated sulphuric acid were added and the solution boiled imder a reflux 
condenser for one hour. Shaken with olive oil or xylol, this gave a deep 
blue aqueous layer and the xylol or olive oil was deep pink in transmitted 
li^t and had a brilliant orange fluorescence in reflected light. 

The pH range was determined by adding the dye to a series of buffer 
solutions and then rechecking the pH of ea^ solution separately on the 

*In the remainder of the paper nile blue sulphate will be indicated by the letters 
n.bs. 
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poteatiometer. The dye concentration in the solutions was 1:20,000. 
Table 1 shows the results of these readings. 



TABLE 1. pH Range of n.b.A 


These results agree with those obtained by Clark (10) who gives the color range 
of nile blue A. as “blue 10.2-13.0 rose.** 

Effect of pH on the Color Absorbed from N.B.S. Solution by Olive OH 

Very little is known about the effect of the pH of the aqueous solution 
on the r^ color absorbed from it by a fat or oil. In order to determine this 
a series of pH buffer solutions was made up with a range from about 2 to 
12. One ml. of the stock n.b.s. solution was mixed with 10 ml. of the buffer 
solutions and their pH and Eh readings again checked on the ^tenti- 
ometer. Two ml. of olive oil were added to each tube and after a vigorous 
shaking these were centrifuged. Table 2 gives the results of these readings. 

TABUS 2. Color changes in olive oil added to a series of n.b.5. solutions of increasing 

pH values 



Aqueous solution 


Final color of 
aqueous solution 


very pale blue 


very pale blue 


blue 


pale pink 


blue 


.41 




le 


pink 


bliie 


6.00 


.39 


blue 


red 


6.68 


.36 



Eh 

(volts) 


Color of 
added oil 


pH 
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present. As shown in later experiments the pink oxazone hi fats acts as 
an oxidation-reduction indicator, and Hie change here from pale pink to 
purplish red is more closely related to the decrease in the oxidation- 
reduction potential than it is to the increase in pH. 

Oxidation of Aqueous N,B.S. Solution 

The blue color in fat globules stained with n.b.s. and acted upon by 
lipolsrtic bacteria very often disappears after one or two days of incubation. 
Circumstances indicate that this is probably due to oxidation; conse- 
quently, experiments were carried out by oxidizing the dye in various 
ways. 

Continued bubbling of air for five hours through several samples of 
n.b.s solution at room temperature brou^t about no color change. Small 
amounts of ozone, hydrogen peroxide, or exposure to bri^^t sunshine 
caused decolorization. The addition of olive oil or xylol to samples before 
and after oxidation ^owed no increase in the oxazone. However, if 
oxidation was accompanied by some hydrolytic agent (increased acidity 
or tem^rature) there was an apparent increase in the oxazone as idiown 
by the increase in the intensity of the pink color in the added oil or xylol. 

Close examination of the solutions as they are being oxidized Aows 
that decolorization is brought about by the precipitation of the dye in the 
form of very fine, dark suspended particles whi^ settle out on standing. 
Continued oxidation after &eir first appearance increases the size of the 



Fig. 1. £h and pM readings at points where blue begins to fade from 
buffers solutions of n.b.s. being oxidized wifii ozone. 
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particles, and their color changes from blue to purple and then to red. 
Still further oxidation and the particles disappear entirely. 

An attempt was made to find the approximate oxidation-reduction 
potentials, at various pH values, at which this decolorization or precipitate- 
formation occiirs. A number of buffer solutions having a pH range from 
2 to 9 were prepared. To Ihese n.b.s. was added giving a final dye con- 
centration of 1:20,000. A small amount of ozone was slowly bubbled 
through each solution imtil the first sign of the fine, dark precipitate 
appeared. A sample was removed at this point and its pH and E2i measured 
on the potentiometer. The data obtained are presented in figure 1. It is 
realized that these figures are only approximations and are not given as 
the exact Eh measurements at which the color change in n.b.s. occurs. 
The general trend, however, agrees with what is known to be true about 
other oxidation-reduction indicators. As the pH is increased, the Eh at 
which the color change takes place is decreased. 

In oxidizing an aqueous solution of n.b.s. it must be remembered that 
there is also present some of the fat soluble oxazone. A fat extract of this 
pink dye is also decolorized by exposure to oxidizing agents such as ozone 
or hydrogen peroxide or the catalytic effect of briipit sunlight. If the 
aqueous solution is oxidized to the point where it becomes colorless and 
a xylol extract is also colorless, the color change appears to be non- 
reversible. As an example of this, an aqueous solution was oxidized by 
exposure to sunlight until the color had completely disappeared. A small 
portion shaken with xylol left it colorless. This was then divided into 
three portions and treated as follows: 

1. Hydrogen bubbled through it for five hours. 

2. Excess sodium Wsulphite added. 

3. Excess sodium hydrosulphite added. 

There was not the slightest color change in any of the samples. Another 
solution of n.b.s. was buffered at a pH value of 7 with a potassium di- 
bydrogen phosphate-sodium hydroxide buffer mixture. This was then 
decolorized by slowly bubbling ozone through it. After decolorization 
hydrogen gas was bubbled through for three hours. As shown in table 3, 
in spite of the fact that Eh was reduced beyond the point where the 
solution had been previously colored, it remained colorless. 


TABLE 3. Potentiometer readings of an aqueous n.b.s. solution reduced by hydrogen 

following oxidatidn by ozone 


N.b.s. solution 

Color 

Eh (volts) 

pH 

Before oxidation 

deep blue 

.38 

7.0 

Decolorized by Oa 

colorless 

.54 

7.1 

Heduced by Ha 

colorless 

.11 

7.1 


This again suggests that oxidation of the oxazine is a non-reversible 
reaction. 

Oxidation of the Red, Fat Soluble Oxazone 

Oxidation of the oxazone with ozone, hydrogen peroxide and other 
oxidizing agents alsA brings about decolorization. There are some appar- 
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ent sxcGptions to this. When the oxazone is extracted in triolein or olive 
oil and men placed in strong simli^t, it turns to shades of yellow, green, 
or blue instead of becoming colorless. If it is added to xylol, or some other 
more stable fat solvent, and then exposed to sunshine it slowly becomes 
colorless. If the olive oil pr triolein extract is treated with ozone or some 
other oxidizing agent it becomes colorless. The apparent explanation for 
this is that light is a catalyst and is not in itself an oxidi 2 dng agent. As well 
as the dye, the unsaturated fats present are easily oxidized. Where ozone 
is added both the oil and the dye are oxidized. Where a catalyst (sun- 
light) is added mthout the addition of an oxidixing agent, the dye becomes 
the donor and is reduced as the fat becomes oxidized. This is further 
confirmed by the fact that the addition of reducing agents to the oxazone 
chwges it from pink or red to shades of purple, blue, or greenish blue. 
This is of particiilar interest from the standpoint of the color changes in 
fat globules stained with n.b.s. Und^ certain circumstances the catalytic 
action of bacterial oxidases on the unsaturated fats in the globule may 
bring about the reduction of the pink oxazone to shades of blue or purple. 
The same enzyme action on the same fat in the presence of a more avail- 
able supply of oxazone may decolorize the dye instead of r^ucing it. 

Addition of Reducing Agents to the Oxazone 

From the previous experiments there was an indication that the 
oxazone of n.b.s. may be reduced from a fat soluble pink or red to a fat 
soluble blue or purple form. This becomes significant when it is realized 
that many of the products of fat decomposition (glycerol, certain alde- 
hydes, alcohols, and acids) are relatively strong reducing agents. In 
order to confirm this, many substances of various reducing capacities were 
added to the pink oxazone extract and their color reactions recorded. 

First, a number of salts and alkalies of various reducing powers were 
added directly to the stained olive oil. Approximately 0.5 gram of salt was 
added to 5 ml. of oil. After being shaken, the tubes were left to settle and 
any color changes noted at the end of five minutes. At the same time 
about 0.5 gram of the same materials was added to approximately 5 ml. 
of distilled water and the pH and Eh of these aqueous solutions deter- 

TABLE 4. Color changes in the oxazone of n,h.s. in olive oil produced hy the addition 
of various salts and alkalies, together with the pff and the approximate Eh 
of these same materials in a corresponding aqueous solution 


Substance added 

1. Sodium hydrosulphite 

2. Sodium bisulphite 

3. Sodium hydroxide 

4. Potassitim hydroxide 

5. Potassium nitrite 

6. Sodium nitrite 

7. Sodium potassium tartarate 

8. Ferrous ammonium sulphate 

9. Mapiesium sulphate 

10. Sodium chloricb 


Color changes 
in stained oil 

Aqueoiis solution 
pH Eh 

deep blue 

6.5 

-.360 

blue 

6.6 

-f.030 

blue 

13.0 

+.043 

blue 

12.6 

+.050 

blue 

10.2 

+.140 


9.0 

+.250 

no change 

8.2 

+.290 

no change 

3.7 

+319 

no change 

6.0 

+340 

no change 

6.6 

+.416 
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mined. In xnost cases the E!h was poorly poised and continued to drift 
slii^tly. Hie results^ therefore, shown in table 4 must be regarded as 
simply indicating the general trend. In some of the tubes, after standing 
24 hours or more the blue color disappeared. 

A second series was prepared including more organic compounds. 
Instead of measuring electrometrically the potentials set up by aqueous 
solutions of these substances, their comparative reducing action was 
observed in an aqueous methylene blue solution. Another difference was 
that xylol was used in place of olive oil for the oxazone solvent. The 
results of these observations are seen in table 5. 


TABLE 5. Color changes in xylol solution of nile blue oxazone and in aqueous 
methylene blue on adding various reducing substances 


Substance added 

Color of xylol- 
oxazone solution 

Change in 
methylene blue 

Sodium hydrosulphite 

bluish purple 

completely reduced 

Thymol 

bluish piirple 

no change* 

Phenol 

purple 

partially reduced 

Betanaphthol 

purple 

partially reduced 

Naphthol 

purple 

partially reduced 

Indol 

purple 

partially reduced 

Diphenylandne 

purple 

no dhange* 

Amyl alcohol 

mauve 

reduced and extracted 

Glacial acetic add 

mauve 

sli^tly reduced 

Absolute ethyl alcohol 

mauve 


Psrrogallol 

rose 

slightly reduced 

Acetone 

rose 

sli^tly reduced 

Benzoic add 

rose 

no change* 

Chloroform 

rose 

no change 

Duldtol 

pink 

no change 

Sorbitol 

pink 

no change 


* Insoluble or very slightly soluble in water. 


Aqueous solutions of hydroquinone, glycerol, elon, and ascorbic, 
citric, malic, acetic, lactic, and tartaric acids aU became blue when shaken 
with solutions of the oxazone in xylol. Concentrated glycerol, lactic, 
acetic, and citric acids shaken with the xylol extract also turned to various 
shades of blue. When olive oil was substituted for xylol as the solvent of 
the oxazone, the results were similar, with slight variations. 

Fatty Acids 

Added to aqueous n.b.s. the liquid fatty acids readily absorb the dye, 
which remains imchanged. But added to an olive oil or xylol solution of 
the oxazone, the pink color is changed to idiades varying from rosy pink 
to mauve. None of the fatty acids was able to change &e oxazone from 
pink to blue as has so often been suggested in literature on this subject. 
Each fatty acid appears to produce its own peculiar color, and the addition 
of an excess simply increases the depth of color without changing its 
shade. The crystals of the hi^er fatty acids remain colorless in the 
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presence of oxazone until they are melted, when they too take on various 
shades of mauve. ^ ^ 

Absorption of Aqueous Nile Blue into Fat or Oil from a Surrounding Agar 

Medium 

From the preceding experiments it seems obvious that if the pink 
oxazone in the globules themselves is the source of the color when 
bacterial enzymes turn the globules blue, the mechanism must be one of 
reduction. Tliere is, however, a second method by which globules may 
turn blue. If, in the decomposition of the fat, a substance is formed in 
which blue dye is soluble, and which is also fat soluble, this substance may 
extract the blue from the aqueous to the fatty phase. In order to test this 
action the following experiment was run: Five ml. of beef extract agar 
were stained with n.b.s. and put into each of fifteen test tubes and allowed 
to harden. On top of this was placed either 1 ml. of pure fatty acid or 1 ml. 
of olive oil containing two drops of fatty acid or some other substance. 
These were corked and left to stand at room temperature for 24 hours. 
As shown in table 6, the lower fatty acids, either concentrated or diluted 
in oil, are able to extract the blue color ^m the adjacent stained agar. 
This is very marked in the case of butyric acid, which is completely soluble 
in water. As the acids become less soluble in water, naturc^y this power 
of absorbing the blue dye decreases. It is interesting to note that sub- 
stances other than fatty acids are able to extract the color in exactly the 
same manner. Thymol, and amyl and isobutyl alcohols, which are soluble 
in olive oil, absorbed the blue dye in this way. Lactic acid, which is not 
fat soluble, absorbed the blue dye, but did not color the oil. 

TABLE 6. Color extracted from heef extract agar etained with Ti.b.8. by various 

substances 


Substance added Color extracted 


Olive oil none 

Concentrated lactic acid deep blue* 

Concentrated butyric acid deep blue 

Concentrated caproic acid pale blue 

Concentrated oleic acid pale blue 

10 per cent lactic acid in olive oil acid blue; oil unchanged 

10 per cent but 3 nic acid in olive oil pale blue 

10 per cent caproic acid in olive oil pale blue? 

10 per cent oleic acid in olive oil very pale blue 

10 per cent lauric acid in olive oil very pale blue 

10 per cent myristic acid in olive oil unchanged 

10 per cent pcdmitic acid in olive oil unchanged 

10 per cent thymol in olive oil very pale blue 

10 per cent isobutyl alcohol in olive oil very pale blue 

10 per cent amyl ^cohol in olive oil very pale blue 


* In each case where the added substance became blue there was a noticeable 
decolorization of the adjacent agar. 

DISCUSSION 

In most of the previous work with nile blue sulphate this dye has been 
considered either as a pH indicator (1) , a specific test for fatty adds (8) 
or for the unsatureted fatty adds (13) . The observations reported in this 
paper suggest that there is some need for a revision of o\ir expUmatian of 
its mechanism. 
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It must be realized that n.b.s., as used for detecting lipolytic organisms, 
is a double dye. The fat in the medium contains only &e pink oxazone and 
the agar may contain both the oxazine and the oxazone. When the fat 
globules turn blue under the influence of microbial enzymes, the blue 
color may come from either one of two sources. By reduction the pink 
oxazone within the globule may be changed to a fat soluble blue; or the 
blue may be extracted from the adjacent agar medium by the formation 
within the globxile of some substance sufiiciently soluble to absorb the dye. 

Eisenberg (12), in a recent article on this subject, states, “When a 
solution of free oxazone in oil is mixed with a fatty acid, such as oleic acid, 
the red color is changed to blue. This reaction is specific and forms the 
basis of the following medium.” In the experiments reported in this paper 
none of the fatty acids changed the pink oxazone to blue. At best, they 
produced shades of xnauve; oleic acid produced a distinct rose color. But 
many substances other than fatty acick did change the oxazone from red 
to purple or blue. If these substances were soluble in the solvent contain- 
ing the dye the whole solution changed color. If they were not soluble 
in the solvent containing the oxazone, they extracted Ae color and at the 
same time reduced it to purple or blue. These substances are all reducing 
agents, and the amoimt they change the color from red through rose, 
mauve, purple to blue depends upon their strength as reducing agents. 
This probably explains the facts observed by Jensen and Grettie (7) that 
under some circumstances globules turn blue under the influence of 
bacterial enzymes, even when petroleum oil is substituted for a digestible 
fat. 

The other source of blue in the fat globules is by the formation of some 
substance which is fat soluble and at the same time will readily absorb the 
blue oxazine. The lower fatty acids and more especially those which are 
water-soluble have these characteristics. Experiments demonstrating 
this have been described. However, this is not specific for fatty acids. 
Other substances such as isobutyl and amyl alcohols, which are soluble 
in fat, will absorb the blue from adjacent agar stained with n.b.s. Lactic 
acid is not soluble in fat, but when mixed with fat and brought in contact 
with the stained agar the acid alone extracts the blue dye. This probably 
explains the presence of minute, isolated, blue droplets in globules of fat 
which can occasionally be observed with certain non-lipolytic bacteria in 
fat emulsion plates stained with n.b.s. 

It seems apparent then that oxidation and reduction may be more 
important than has heretofore been considered in using and interpreting 
the nile blue sulphate technique for studying changes brought about by 
micro-organisms in fats. The possibilities are that most organisms produc- 
ing blue in fat stained with n.b.s. do so by hydrolyzing the fat, freeing fatty 
acids which absorb the blue aqueous dye. It is also possible that organisms 
-unable to hydrolyze the fat may produce a blue color in the stained fat 
globules by means of oxidation-reduction reactions. Considering the 
number of complex fats and oils used with this dye, and considering the 
paucity of our knowledge concerning bacterial oxidases, their action on 
fat and the by-products produced, it seems evident that further investiga- 
tion is needed tefore any definite conclusions can be drawn as to the exact 
significance of color changes in fat stained with this dye. 

From a practical standpoint, however, this dye should continue to 
serve a useful purpse.^ A positive reaction means that the micro-K>rganisms 
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are having some destructive action on the fat. Whether or not the finer 
mechanisms of the reactions can be explained will not alter the offensive 
ISavors such organisms may produce in dairy products or other fatty foods. 

liOTTHYUSNE BLUE 

When an aqueous solution of methylene blue is incorporated into an 
agar medium containing butter fat, it is reduced to its colorless form dur- 
ing autoclaving. Microscopic examination shows that the fat globules 
are also free from color. VHien these plates are inoculated with certain 
types of bacteria, microscopic examination shows that the fat globules 
adjacent to these colonies turn blue. This involves the double problem of 
discovering the method by which the dye is apparently transferred to the 
fat phase, as well as the mechanism that brings about the reversion to the 
colored form. 

Many of the organisms bringing about this change are among those 
generally considered to be lipolytic. For that reason experiments were 
conducted to find the effect of fatty acids, and various other substances on 
methylene blue. One ml. of 1.5 per cent methylene blue was added to one 
liter of water. Sufficient sodium acid sulphate was added to decolorize 
the solution after five minutes boiling. This was then adjusted with 
sodium hydroxide to a pH of 6.75. Two ml. portions of this solution were 
transferred to small serological test tubes. Approximately 0.25 to 0.5 ml. of 
eadi of the substances enumerated in table 7 was added to each tube and 
their color changes noted over a period of 24 hours at room temperature. 
A similar series using the oxidized form of the dye was also prepared. 

These results, shown in tables 7 and 8, indicate that olive oil, and at 
least those triglycerides used, do not absorb the dye from the aqueous 
solution. Also, tiiat imder the conditions in which they were incubated, 
they produced no color change on either the reduced or oxidized forms of 
meffiylene blue when the dye is associated with them in an aqueous 
solution. That this is not the case with unsaturated fats under conditions 
which favor oxidation is shown by the fact that, in several tests, change in 
the color of methylene blue is used as a measure of keeping quality. How- 
ever, triolein, under conditions more nearly comparable to those in the 
agar plates incubated in the dark at room temperatures, will not reduce 
the oxidized form of methylene blue. 

The saturated fatty acids, especially those of the lower molecular 
weights, readily extract methylene blue from the aqueous solution, and 
if it has been previously reduced, change it back to its oxidized form. 
Oleic acid, in common with the others, ateorbs the dye; it differs from the 
saturated acids in slowly reducing the methylene blue to its colorless form. 
This is probably due to the withdrawal of oxygen from the solution as the 
acid itself is oxidized. 

Amyl and isobutyl alcohols act towards methylene blue in a manner 
similar to the unsaturated fatty acids. They extract the dye from an 
aqueous solution and, if it is reduced, oxidize it. 

Acetic, lactic, citric, and amino succinic acids, which are not fat 
soluble, oxidize the reduced form of the dye, but do so less completely than 
the lower fatty acids. Acetone (a ketone) and glycerol act as reducing 
agents towards methylene blue. Formaldehyde very slowly permits a pale 
blue color to return to the reduced form of the dye. 
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TABLE 7. The €txidizing action of various substances as shovm by the formatUm of a 
blue color when added to reduced methylene blue 


Substance added 

Color of 
aqueous phase 

Color of 

non-aqueous phase 

1. Control 

odorless 


2. Olive oil 

colorless 

colorless 

3. Tricaproin 

colorless 

colorless 

4. Tricaprylin 

colorless 

colorless 

5. Trimyristin 

colorless 

colorless 

6. Tripalmitin 

colorless 

colorless 

7. Glycerol 

colorless 


8. Oleic acid 

colorless 

colorless 

9- Butyric acid 

blue 


10. Caproic acid 

almost colorless 

blue 

11. Caprylic acid 

almost colorless 

blue 

12. Laurie add 

colorless 

pale blue 

13. Myristic add 

colorless 

very pde blue at surface 

14. 3 percent hydrogen peroxide 

blue 


15. Sodium chloride 

top half blue 


16. Lactose 

colorless? 


17. Acetone 

colorless 


18. Formaldehyde 

pale blue 


19. Russian oil 

colorless 

colorless 

20. Hydroquinone 

colcKrless 


21. Trimethylamine 

colorless 

- 

22. 95 per cent alcohol 

pale blue at surface 


23. Amyl alcohol 

colorless 

blue 

24. Sorbitol 

colorless 


25. Duldtol 

colorless 


26. Isobutyl alcohol 

colorless 

blue 

27. Lactic add 

top half blue 


28. Acetic add 

top half blue 


29. Citric add 

top half blue 


30. Uric add 

colorless 


31. Amino succinic add 

blue 



The controls of both the oxidized and reduced dye solutions remained 
unchanged throughout the duration of these experiments. 

DISCUSSION 

From the standpoint of explaining the color changes in the fat 
globules these observations suggest several different things. Ibe fats 
diemselves do not absorb the dye. Tbe color therefore must be due to some 
by-product of fat decomposition which will both extract the dye from its 
aqueous solution and at the same time oxidize it. The lower saturated 
fatty acids have these characteristics. It is probable that in the majority 
of cases where fat globules turn blue in the presence of reduced methylene 
blue, the production of free fatty acids is the cause. It is also possible that 
small amoimts of other substances capable of extracting and oxidizing re- 
duced methylene blue mi^t be formed during decomposition of fats by 
bacteria. Peroxides/ and some of the carboxy acids, mi^t be the cause of 
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Substance added 


Aqueous phase 


Non-aqueous idiase 


Control . 
OUve oU . 
Triolein . 
Tricaproin 


blue 

blue 

blue 

blue 


colorless* 

colorless 

colorless 


Tiilaurin ... 
Glycerol . . 
Butyric acid 
Caproic acid 


blue 

pale blue 
blue 
blue 


colorless 


blue 


Caprylic add 
Laurie add . 
MyxMc add 


blue 

blue 

blue 


blue 

pale blue 
colorless 


Palmitic add 
Oleic add .. 
Lactic add . 


blue 

blue 

blue 


colorless 

blue 


* Natiual color of oil etc., not considered in these descriptions. 


isolated blue droplets in the globules. As they are not fat-soluble the blue 
Ihey abstract wifi not diffuse throughout the whole globule but remain in 
isolated areas. 


p-AMINODIMETHYLANILINE MONOHYDROCHLORIDE 

Like methylene blue, p-aminodimethylaniline monohydrochloride is 
an oxidation-reduction indicator. It was originally used by Dietrich and 
Liebermeister (14) for demonstrating the existence of oxidizing granules 
in Ihe andirax bacillus. By incorporating this dye, together with an 
alkaline solution of a-naphthol, into agar, Schultze (15) produced a pale 
blue medium which would turn to blui^ black when streaked with a 
heavy suspension of certain oxidizing bacteria. Gk)rdon and McLeod (16) 
repeated and extended the observations of Schultze, advocating this tech- 
nique as an aid in differentiating closely related organisms. They at- 
tempted to incorporate this reagent in a culture medium but foimd the 
amount of dye needed to produce the reaction would inhibit growth. 
Elhngworth, McLeod, and Gordon (17) investigated the similar use of 
other famines and found the tetramethyl compound to be the most sensi- 
tive and satisfactory for bacteriological techique. They recommended 
that colonies be flooded with a 0.5 per cent solution of this dye, which gives 
the oxidizing colonies a deep bluish-violet color. 

Jensen and Grettie (7) combined the use of this dye with oil emulsion 
agar media for diagnosing the action of bacteria on fats. Physical changes 
in the globules producing a translucent zone around the colonies, they 
censidered to inchcete hy^olysis. The reaction of one of these dyes flooded 
over the surface of the agar indicated whether or not the colony also 
produced oxidizing enzymes. In this way they were able to distingui^ 
between those organisms which hydrol 3 rze the fat, those whicdi oxidize it, 
and those which produce both reactions. 

The observations of the investigators mentioned above concerned 
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color changes in the aqueous solution of the dye coming in contact witii 
the bacterial colony. Microscopic observations on the fat ^obules of oil- 
emulsion agar plates flooded with the dimethyl compoimd mow character- 
istic color changes in the fat globules themselves. They may be red, 
yellow, brown, black, or colorless. Inasmuch as these cdianges are the 
result of the action of the bacterial enzymes on the fat itself, their inter- 
pretation may be important in the study of lipol5rtic organisms. 

EXPERIMENTAL 

A 0.5 per cent aqueous solution of p-aminodimethylaniline mono- 
hydrochloride was prepared and one ml. portions were placed in small 
serological test tubes. Approximately 0.25 ml. of the various substances 
enumerated in table 9 were then added to the tubes. These were shaken 
and allowed to settle. In the case of the solid fats and fatty acids they were 
observed first in the crystal form and later slowly raised to their melting 
points. Table 9 shows the results of these observations. 


TABLE 9. Color changes after the addition of various substances to a 0,5 per cent 
aqueous solution of p-aminodimethylaniline monohydrochloride 


1 

Color changes 

Substance added 

Aqueous solution 

Non-aqueous phase 

Olive oil 

none 

none 

Triolein 

much lighter 

light amber 

Tricaproin 

lighter 

very light brown 

Tricaprylin 

lighter 

little change 

Trilaurin 

none 

little change 

Trimyristin 

none 

very light brown 

Tripalmitin 

none 

little change 

Tristearin 

none 

little change 

Butyric add 

paler? 

none formed 

Caproic acid 

much paler 

almost black 

Caprylic acid 

much paler 

dark brown 

Laurie acid 

paler 

almost black* 

Myristic acid 

not much change 

grayish brown* 

Palmitic add 

not much change 

grayish brown* 

Stearic acid 

not much change 

grayish brown* 

Oleic acid 

much lighter 

li^t brown 

Glycerol 

paler (slowly) 

none formed 

Xylol 

none 

colorless 

Lactic acid 

not much change 

none formed 

Amyl alcohol 

not much change 

very dark puxple 

Absolute methyl alcohol 

not much change 

none formed 

30 per cent hydrogen peroxide 

deeper color 

none formed 

3 per cent hydrogen peroxide 

sli^uy deeper 

none formed 


* Only after melting. 


These observations show that olive oil and at least those triglycerides 
used either do not aljsorb this dye from an aqueous solution or do so very 
slowly. The fatty acuds, on the other hand, all absorb the dye from the 
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aqueous sloution. Butyric acid, which is completely soluble in water, 
naturally differs from Ihe others in this point. 

When this dye is absorbed from an aqueous solution by fatty acids it 
changes to colors varying from brown to black. The dep& of the color 
varies rou^y with the decrease in molecular weight of the acids. It is 
significant that where butyric acid is mixed with the dye this color change 
is not noted. As shown by the action of amyl alcohol, some substances 
other than fatty acids, wldch are also not water soluble, are able to extract 
the dye and deepen its color. 

Relatively powerful oxidizing agents, such as 30 per cent hydrogen 
peroxide, when added to the dye solution, increase the depth of the color, 
and reducing agents such as glycerol reduce the color. But even strong 
hydrogen peroxide does not increase the depth of the color as much as 
v^en it comes in contact with the lower fatty acids that are not completely 
water soluble. 

Similar experiments with the corresponding tetra-methyl compound 
did not give results similar to those described above. 

GENERAL CONCLUSIONS 

1. The mechanisms imderlying color changes in fat globides in a 
medium containing any one of the three dyes studied in this paper are not 
always simple reactions of the same type. Therefore such color changes 
cannot be used as specific indications of any one type of reaction (i. e. 
hydrolysis of the fat) . 

2. The lower fatty acids, either alone or mixed with fat, have the 
power of extracting these three dyes from an aqueous solution. If the 
dyes are in a colorless form in the aqueous solution, they are changed to 
their colored forms after being abstracted by the acids. Some substances 
other than fatty acids are able to extract die dye from the aqueous to 
fatty material. It is probable that most of the color changes observed in 
fat emulsion are due to reactions of this type. 

3. In the case of nile blue sulphate, besides extraction of the blue 
from the aqueous solution by fatty acids or other substances within the 
globules, similar color changes may be brought about by the reduction of 
the oxazone from a pink to a blue color. Fatty acids will not reduce the 
oxazone from pink to blue. 


REFERENCES 


1. Turner, R. H, 

192S. The action of bacteria on fat. Jour. Infect. Dis., 44: 126. 

2. Carnot, P., and H. Mauban 

19lk Reaction color4e de la steapsin sur la plaques de gelose-graisse 
emulsion4e par production de savon de cuivre. Compt. rend. Soc. de Biol., 
81:98. 


3. Berry, J. A. 

1^. Detection of microbial lipase by copper soap formation. Jour. BacterioL, 
25:433. 

4. Long, H. F., and B. W. Hammer 

1937. Methods for the detection of lipolysis by 
College Jour, of Science., 11:343-351. 


microorganisms. Iowa State 



328 


C. H. CASTBLL A27D L. R. BRYANT 


5. CoLLZifB, M. A., and B. W. Haiocbb 

1934. Tlie action of certain bacteria on s(Mne aimple tri^ycerides and neutral 
fats, as shown by Nile Blue Sulphate. Jour. BacterioL, 27:473. 

6. COBIMITTBB RSPCKtTS 

1933. Jour. Dairy ScL, 16:294. 


7. Jensen, L. B., and D. P. Gbettie 

1937. Action of micro-organisms on fats. Food Research, 2:97. 

8. Smitb; L., and P. White 

1907. On the simultaneous staining of neutral fats and fatty acids by oxazine 
dyes. Jour. Path, and Bacteriol, 12 : 1 , 

9. Trorfb, J. F. 

1907. A reaction of certain coloring matters of the oxazine series. Transactions 
in the Jour, of Chemical Soc., Lond, 91: 324. 

10. Clabk,W.M. 

1922. The determination of hydrogen ions. Williams & Wilkins Co., Baltimore. 

11. Cohen, B., and P. W. Preisleb 

1931. Studies on oxidation-reduction. XVL The oxazines: nUe blue, brilliant 
cresyl blue, methyl capri blue, and ethyl capri blue. SuppL No. 92 to die 
U. S. PubUc Health Reports. 

12. Eisenbehg, G. M. 

1939. A nile blue culture medium for lipolytic micro-organisms. Stain Tech- 
nology, 14: (2)63. 

13. Kaufmann, C., and E. Lehmann 

192^ Vi^ows Arch. Path. Anat., 261, p. 623 (quoted by Turner, see reference 

14. Dietrich, A , and G Liebermekter 

1902. Centr f Bakt. Orig., 32: 858. 

15. SCHULTZE, H. 

1910. t)ber eine neue methode zum nachweis von reduktions-und oxydaticms- 
wirkungen. Centr. f. Bakt Abt. 1, 56:544. 

16. Gordon, J., and J. W. McLeod 

1928. The practical application of direct oxidase reaction in bacteriology. 
Jour. Path, and Bacteriol., 31:185. 

17. Elungwchtth, S., J. W. McLeod, and J. Gordon 

1929. Further observations on the oxidation by bacteria of compounds of the 
para-phenylene diamine series. Jour. Path, and Bacteriol., 32:173. 



A STUDY OF CHOLESTERILENE^ 

J. C. EcK AMD E. W. Holungswokth 

From the Animal Chemistry and Nutrition Subsection, Iowa Agricultural Experiment 

Station 

Received June 1939 

In our investigation of the dehydration of cholesterol (1, 2) several 
points relevant to a better understanding of the problem were studied. If 
the specific rotation of cholesterilene (3,5-cholestadiene (2)) is to be 
considered the hipest negative rotation observed (—123.23 (2)), then 
the samples of cholesteriline of lower negative specific rotation prepared 
by various methods (1) must be impure. A study of the preparation of 
cholesterilene by the copper sulfate method demonstrated the point that 
cholesterilene possessing the highest negative rotation attainable on 
purification was obtained from the initial crude product having the hipest 
negative rotation. Thus the method of preparation was found to be of 
more importance than the subsequent pu^cation of the product obtained 
in order to produce the compoimd of highest purity. It was also indicated 
that cholesterilene possessing the more negative speci&c rotation was 
obtained at the lower reaction temperatures used althou^ the time 
necessary for the dehydration was increased. A decrease in the conditions 
favorable for pyrolytic side reactions was found to be of importance since 
the impurities in crude cholesterilene are difficult to remove. 

Cholesterilene obtained by the zinc dust distillation of cholesterol has 
been reported (3) to have the following constants during purification: 
m.p. 68^ (a)D+ 1.45®; m.p. 73% (a)D- 53 37®; and m.p. 75®, 4.49®. 

On the baks of this initial positive specific rotation, it was suggested (5) 
that the product obtained by the zinc dust distillation of cholesterol was a 
mixture of cholesterilene of high negative specific rotation and (dextro- 
rotatory) 2,4 cholestadiene. Cholesterilene was prepared accoiffing to 
the method of Fantl (3) but a specific rotation more negative than — 60® 
was not observed for the samples obtained which had been purified by 
repeated recrystallizations. 

A mixture of cholesterol and zinc dust was heated under reduced 
pressure and the reaction product was separated into a dextrorotatory 
alcohol insoluble fraction which was imaffected by treatment with alco- 
holic hydrochloric acid and weakly dextrorotatory alcohol soluble needles 
which yielded strqngly laevorotatory needles when treated with alcoholic 
hydrochloric acid. The conversion of the weakly dextrorotatory alcohol 
soluble product into a strongly laevorotatory compound (cholesterilene) 
indicated that fiiis product was a mixttire of cholesterilene and 2,4-(holes- 
tadiene since 2,4-<holestadiene (dextrorotatory) is converted in choles- 
terilene (laevorotatory) by treatment with alcoholic hydrochloric acid (5) 
and since it could not have been just 2,4 cholestadiene ( (a) d+ 168.5® (4) ) 
as the product was only weakly dextrorotatory. Repeat^ attempts to de- 
termine fine presence of 2,4-cholestadiene by maleic anhydride condensa- 

' Journal Paper No. J-654 of the Iowa Agricultural Experiment Station, Amea, 
Iowa, Project No. 506. 
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tion resulted in the formation of an acidic product but this was probably a 
mixture of acids from maleic anhydride addition compounds, &e sei^a* 
tion of which was not accomplished. It was thus indicated that in addition 
to cholesterilene, at least two dextrorotatory compounds are produced by 
the heat treatment of cholesterol with zinc dust. 

Cholesterilene is only slightly adsorbed from petroleum ether solution 
on activated alumina and hence colored and other adsorbable impurities 
(including cholesterol) may be easily removed by this means. During 
the course of the purification of cholesterilene by repeated recrystalliza- 
tion from ether-methanol and from ethyl alcohol on long standing, it was 
observed that the crystals changed in cuystalline structure and became 
opaque. An alcohol insoluble fraction was isolated by extraction of these 
opaque crystals with hot alcohol and also by adsorption on activated 
alumina from petroleum ether solution followed by extraction with ether. 
This alcohol insoluble solid was also isolated in variable quantities from 
cholesterilene which had been heated in the absence of a solvent, by ad- 
sorption on activated alumina from petroleum ether solution, extraction 
of &e alumina with ether, and repeated reprecipitation of the extract from 
ether solution by the addition of methonal to yield a white amorphous 
solid (m.p. 165° (bloc Maquenne) , (a)2^D+24.3° (c, 3.23 in CCI4) ) . This 
may be a peroxide of cholesterilene since the analysis indicated the empiri- 
cal formiila C 27 H 44 O 2 and since it liberated iodine from potassium iodide. 
In general, the sample of cholesterilene of higher negative specific rotation 
were more resistant to heat since these samples decreased less in laevo- 
rotation and less of the dextrorotatory solid was produced. The specific 
rotation of samples of cholesterilene occasionally becomes less negative 
even on recrystallization and samples of cholesterilene prepared by the 
zinc dust metiKod were found more susceptible to marked drops in nega- 
tive rotation than cholesterilene prepared by the copper sulfate method. 
Thus a highly laevorotatory sample of cholesterilene prepared by the 
copper sulfate method has been observed to drop a few degrees whereas 
one sample of cholesterilene prepared by the zinc dust method dropped as 
much as 26° in a single recrystallization. This greatly hinders the purifica- 
tion of samples of cholesterilene since it was not found controllable. 

EXPERIMENTAL 

PREPARATION OF CHOLESTERILENE BY THE COPPER SULFATE METHOD 

The reaction product obtained by heating an intimate mixture of 
equal weights of dry cholesterol and powdered anhydrous copper sulfate 
in an Erlenmeyer flask placed in an oil bath maintained at 175° or 200° 
was extracted with alcohol, treated with decolorizing carbon, filtered, and 
allowed to cool. The crude cholesterilene thus obtained was repeatedly 
recrystallized from various solvents, chiefly ether-methanol and ethyl 
alcohol, to yield purified cholesterilene. Equal wei^ts of dry cholesterol 
and powdered anhydrous copper sulfate in an Erlenmeyer flask provided 
with an air condenser were also refluxed in xylene or toluene (4 cc. per 
gm. of cholesterol) on a hot plate and the copper sulfate was separated by 
decantation and washed with ether. The decanted solution and the ether 
washings were combined and the solvent was removed by distillation 
xmder i^uced pressure. The residue was dissolved in hot alcohol, treated 
with decolorizing carbon, filtered, and cooled. The crude cholesterilene in 
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petroleum ether solution was passed through a colunm activated 
alumina (Alorco, 50 to 200 mesh, freshly heatM at 250° for 2 hours) and 
repeatedly recrystallized from ether-methanol and alcohol to yield puri- 
fira diolesterilene. The constants observed for the products obtained are 
presented in table 1. 


TABLE 1. Physical constants of cholesterilene 


Reaction 


Crude product 

Purified product 

temperature 



Optical rotation 

MP. 

Optical rotation 

in degrees C 



(a)D 

B 

la 



B 


200* 



- 853* 


m 

79.5-80 



25 

175 





m 


-106.2* 

3^ 

26 

140 (in xylene) .... 





m 


-118.6* 

316 

24 

Ill (in toluene) ... 



-103* 


m 


-1173* 

331 

21 


* The constants observed for the purified product obtained under these conditions 
are included as previously found (2) . 


A convenient method for the preparation of practically pure choles- 
terilene in good yield by the dehydration of cholesterol by means of cox)per 
sulfate in xylene was thus developed. From 25 gm. of cholesterol, 16 gm. 
of cholesterilene ((a)2®D— 101.2®) were obtained. This was dissolved in 
100 cc. of petroleum ether and passed through an 18 x 380 mm. column of 
activated alumina. The column was eluted with 150 cc. of petroleum ether 
and the combined filtrates were concentrated. The residue was crystal- 
lized once from alcohol to give 14.8 gm. of colorless cholesterilene 
( (ci) — 104.4®) which was then recrystaliized until the specific rotation 
was ■— 118.6®. 


TREATMENT OF CHOLESTEROL WITH ZINC DUST 

In a 50 cc. distilling flask a mixture of 13 gm. of dry cholesterol and 
100 gm. of zinc dust (Baker, 82.6 per cent) was heated at 260-5® for 45 
minutes under the reduced pressure of a water pump. The reaction prod- 
uct was extracted with a total of 200 cc. of petroleum ether (b.p. 68-77®) 
and the extract was passed through an 18 x 380 mm. column of activated 
alumina to remove the color and imchanged cholesterol, The column was 
eluted with 150 cc. of petroleum ether and the filtrates w^re combined. 
The solvent was removed by distillation under reduced pressure to yield 
7.7 gm. of a colorless oil ( (a)®®D+ 5.55® (c, 3.24 in CCI 4 )). This oil was 
extracted several times with hot alcohol and the alcohol soluble fraction 
was removed by decantation. The alcohol insoluble fraction was re- 
peatedly reprecipitated from ether solution with methanol to yield 2.2 gm. 
of a white amorphous solid which melted at 112® (bloc Maquenne) and 
(a) was + 70^.6® (c, 3.06 in CCI 4 ) . This product was unafiEect^ by 
refluxing for 10 hours in 300 cc. of alcohol containing 4 cc. of concentrated 
hydro^oric acid. 

The alcohol soluble extract was refluxed with 4 cc. of concentrated 
hydrochloric acid for 10 hours, treated with decolorizing carbon, and 
cooled to crystallize the product (cholesterilene) in needles (3.2 gm.) 
(m.p. 75-77®, (a) ”d— 89.36® (c, 3.10 in CCI 4 ) ) which on repeated re- 
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crystallizations melted at 76-77.5® and (a) “d was —92.6® (c, 2.92 in CCU) ■ 
The highest negative specific rotation observed for a sample of diolesteri- 
lene (still impure) prepared by the zinc dxist method was — 96.2®. From 
the alcohol soluble naction were isolated needles ( (a) ^*d+21.6° (c, 2.92 in 
CCI 4 )) whidi whoi rdluxed with 300 cc. of alcohol containing 4 cc. of 
concentrated hydrochloric acid yielded cholesterilene in needles (m.p. 
75-76.5®, (a) "d- 87.0® (c, 3.63 in CCI 4 ) ) . 

The ^cohol soluble haction was treated with maleic anhydride in 
benzene, toluene, and xylene solution followed by saponification according 
to the method of Stavely and Bergmann (5) but a definite melting point 
for the acidic product obtained was not observed and repeated attempis 
to purify the product indicated that it was a mixture of acids from maleic 
anhydride addition compounds. The maleic anhydride addition com- 

S und, m.p. 265® with decomposition, was obtained by the same procedure 
>m 2,4-cholestadiene whi^ was prepared by a modification of the 
method of Stavely and Bergmann (5) and of Skau and Bergmann (4) as 
follows: In a 125 cc. Erlenmeyer fiask provided with an mr condenser, a 
mixture of 5 gm. of dry cholesterol, 5 gm. of activated alumina (200 me:di) , 
and 30 cc. of xylene was refiuxed for 8 hours in an oil bath. Petroleum 
ether was added to the reaction product and the solution was passed 
through an 18 X 210 mm. column of activated alumina (50 to 200 mesh) 
which was then eluted with petroluem ether. The combined filtrates were 
concentrated and file residue was crystallized from alcohol to yield 0.9 
of 2,4-cholestadiene, m.p. 66-7®, (a) 142°, which on recrystallization 

from ether-methanol melted at 67-8° and (a) “d was -f- 158.6°. 

EFFECT OF HEAT ON CHOLESTERILENE 

A sample of cholesterilene prepared by the copper sulfate method 
with a specific rotation of — 103.8° was found to have a specific rotation of 
— 101.2® after heat treatment at 100® for 14 days. In a cork stoppered 
vial 0.545 gm. of cholesteriloie prepared by the copper sulfate method 
with a specific rotation of — 84.7° was heated at 100° for 9 days and the 
specific rotation was found to have become considerably less negative 
( (a) ®*D — 2.88® (c, 5.45 in CCI4) ) . The contents of the vial were dissolved 
in petroleum ether and passed throu^ a column of activated alumina. 
The alumina was extracted with ether to give 0.229 gm. of a pale yellow 
oil ( (a) 24.0° (c, 2.29 in CCI4) ) which when repeatedly recrystallized 

from eAer solution with methanol snielded a white amorphous solid (m.p. 
165® (bloc Maquenne) , (a) *^d 4- 24.3® (c, 3.23 in CCI4) ) « the analysis of 
which indicated the empirical formula C2TH44O3 and which liberated 
iodine from potasrium iodide and gave molecular weight values of 355, 
, 361, and 359 (camphor) with the evolution of a gas. 

Anal.: Calc’d for C2TH44O2: C, 80.92; H, 11.08. 

Found: C, 81.15, 80.67, 81.00; H, 11.10, 11.08, 11.21. 

Likewise a sample of diolesterilene prepared by the zinc dust method 
with a specific rotation of — 83.2° when heated at 100° for 24 hours gave 
a brown glassy solid with a i^cific rotation of — 7.5® from which the 
above dextrorotatory solid was obtained. The use of adsorption on acti- 
vated alumina is also of value in the purification of diolesterilene. -Thus 
the ether extract (yellow oil) of an mumina column throu^ vdiich had 
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been passed a petroleum ether solution of the reaction product obtained 
by heating cholesterol with copper sulfate at 200^ for 20 minutes had a 
low ^cific rotation ( (a) 0.85® (c, 1.61 in CCI 4 ) ) whereas the 

diolesterilene from the filtrate of the column had a specific rotation of 
82.1®. 

SUMMARY 

In the preparation of cholesterilene by the copper sulfate method, the 
conditions employed were foimd to be of more importance than the sub- 
sequent purification of the product obtained. Although cholesterilene 
(3,5-cholestadiene) of the highest attained purity is obtained by the 
pyrolytic decomposition of cholesteryl methyl xanthogenate and by the 
action of alcoholic hydrochloric acid on alio- or epiallocholesterol, practi- 
cally pure cholesterilene is most conveniently prepared in good yield by 
the dehydration of cholesterol with anhydrous copper sulfate. 

Heat treatment of cholesterol with zinc dust produces cholesterilene 
and two dextrorotatory products, one o!^ which was indicated to be 2,4- 
cholestadiene. 2,4-Cholestadiene was prepared by the dehydration of 
cholesterol with ^umina in xylene. Heat treatment of cholesterilene was 
found to produce a substance with an empirical formula of C 27 H 44 D 2 which 
may be a peroxide of cholesterilene since it liberated iodine from potas- 
sium iodide. 
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NEW SPECIES AND RECORDS OF SIPHONAPTERA 
PROM MEXICO 
iBviNa Fox 

From iJio Department of Zoology and Entomology, Iowa State College 
Received June 9, 1939 

Ite following paper is based upon a small collection of fleas taken by 
Mr. Harry Hoogstraal at Nuevo Leon in Mexico. Of the ei^t i^>ecies 
represented three are semi-cosmopolitan, three are known from Western 
United States, and two are described as new. The types and other speci- 
mens are deposited in the collection of Iowa State College, Ames, Iowa. 

Family hectopsyllidae 
Echidnophaga gallinacea Westwood 

1875 Sarcopayllut gallinaceus Westwood, Ent. Mo. Mag. 11: 246. 

1906 Echidnophaga gdUinacea Jordan and Rothschild, Uverpool Univ., 
Thompson Yates and Johnson Lab. Rep. 7 (n.s.) p. 52. 

Record: Mexico — Ojo de Agua, Craleano, Nuevo Leon, August 12, 
1938, on "Citellus v. couchi,” three females; same locality, July 13, 1938, 
on “pocket gopher,” female. 

Family puucidae 
Pulex irritane Linnaeus 

1758 Pulex irritans Linnaeus, Systema Naturae, p. 614. 

Record: Mexico— Ojo de Agua, Craleano, Nuevo Leon, August 10, 
1938, on “dog,” female, four males; same locality, August 13, 1938, on 
“Citellus V. couchi," male. 

Ctenocephalides cants Curtis 

1826 Pulex canis Curtis, British Entomology, Vol. HI, No. 114, Figs. 
A-E, 8. 

1930 Ctenocephalides canis Stiles and Collins, United States Public 
Health ^r. Rep. 45: ^08. 

Record: Mexico— Ojo de Aqua, Craleano, Nuevo Leon, August 10, 11, 
1938, on “dog,” numerous specimens. 

Family DoucHOPSYixmAE 
Diamanus montanus Baker 

1895 Pulex montanus Baker, Can. liit. 27: 132 (Fort Collins, Colorado, 
on “large mountain gray squirrel ( Sciurus aberti? )”) . 

1904 Ceratophyllus acutus Baker, Invertebrata Pacifica 1:40 (Stanford 
University, California, on Spermophilus ) . 

1904 Ceratophyllus montanus Baker, Rroc. United States Nat. Mus. 27: 
388, PI. 3001, figs. 7-8, PI. XXro, figs. 1-5 (soutkem Colorado and 
Arizona on rock squirrel) . 
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1905 Ceratophylltia montanus Baker, Proc. United States Nat. Mus. 
29:135. 

1929. Ceratophyllvs montanus Jordan, Nov. Zoo. 35: 31. 

1933 Diamanus montanus Jordan, Nov. Zoo. 39: 73. 

Record: Mexico— Ojo de Aqua, Craleano, Nuevo Leon, August 11, 
1938, on “dog,” female,* same locality, August 10-15, 1938, on ''Citellus v. 
couchi/^ numerous specimens. 

Since this species is widely distributed throughout southwestern 
United States where it parasitizes the ground squirrel in particular, its 
occurrence in northern Mexico is not surprising. 

Pleochaetis sihynus Jordan 
Plate I, Fig. 3 

1925 Ceratophyllus sihynus Jordan, Nov. Zoo. 32: 110, fig. 42 (Paradise, 
Arizona, on “skunk”). 

1933 Pleochaetis sihynus Jordan, Nov. Zoo. 39: 77. 

Male. Frontal tubercle distinct and acuminate. Preantennal region 
of head armed with two rows of bristles; upper row consisting of seven 
bristles of various sizes, lower row consisting of three very long bristles. 
Genal process acuminate. Labial palpus reaching almost to the apex of 
the fore coxa. Second antennal segment armed with a number of very 
short bristles. A series of small setae along posterior margin of antennal 
groove. Postantennal region of head armed with three rows of bristles; 
first row consisting of two or three, second row of four or five, third row 
of five or six bristles. Pronotum armed with a single row of alternating 
long and idiort bristles and a ctenidium of 19 or 20 spines. Meso- and 
metanotum each armed with a posterior row of long bristles anterior to 
which are two or three rows of much shorter bristles. Each abdominal 
tergite armed with two rows of bristles, the anterior tergites further armed 
widi one or two short stout dorsal teeth on a side. Fifth tarsal segment of 
each leg with five pairs of lateral plantar bristles of which the basal pair is 
strongly displaced towards the median line. Modified segments. Movable 
finger variable in idiape; of the five specimens at hand, three correspond 
widi the figure publi^^ed by Jordan in his original description while the 
other two show marked similarity to Jordan’s P. equatoris^ in the struc- 
ture of the movable finger as is demonstrated by Plate I, fig. 3. Posterior 
margin of movable finger armed with three long brii^les and a stout 
spin^orm. Process of clasper more or less triangular in shape, its apex 
armed with three small bristles. Manubrium short, blunt apically. Penis 
broad and blade-like, terminating in a curved process; spring long but 
«not completing more than one turn. Stemite VTII not expanded apically; 
bearing a number of short bristles along the posterior margin and two 
more robust ones apically. 

Records: Mexico— Ojo de Aqua, Craleano, Nuevo Leon, July 20, 24, 
and August 10, 1938, on ""Peromyscus/^ four xnales; Cerro Potosi, Nuevo 
Leon, 12,500 ft., July 28, 1938, on ^^Microtus/* male. 


'Nov. Zoo., 38:344, Fjg. 63, 1933 (Ecuador, on Sigmodon sp.). 
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Foxella mexicana, n. sp. 

Plate I, Figs. 1, 4 

Female. Ftontal tubercle minute. Preantennal region of head armed 
with two rows of bristles; both upper and lower rows armed with about 
six bristles. Genal process acuminate. Labial palpus reaching to the apex 
of the fore coxa. Second antennal segment armed with about ten long 
bristles which extend beyond the apex of the third antennal segment. 
A series of small setae along the posterior margin of the antennal groove. 
Postantennal region of head armed with a single bristle in addition to the 
marginal row of six or seven (Plate I, fig. 1) . Pronotum armed with a 
single row of alternating long and short bristles and a ctenidium of 24 or 
25 seines. Mesonotum armed with two distinct rows of stout bristles 
anterior to which are numerous much weaker ones. Metanotum armed 
with only two rows of bristles. Each abdominal tergite armed with a row 
of exceedingly long bristles anterior to which are two irregular rows of 
much shorter ones. Fifth tarsal segment of each leg armed with five pairs 
of lateral plantar bristles. Stemite VII with a sinus ventally. Head of 
receptaculum seminis roimd, about as wide as long; tail not longer than 
the head. For further details concerning the structiire of the femaie 
genitalia see Plate I, fig. 4. 

Type material. Female holot}^ and female paratype collected July 
13, 1938, from “pocket gopher” at Cerro Potosi, Nuevo I^on, Mexico. 

This new species may be readily separated from Foxella ignota 
(Baker) by the distinctive chaetotaxy of the head and by the genitalia. 

Malareus jordari, n. sp. 

Plate I, Fig 2 

Male. Frontal tubercle prominent, acuminate. Preantennal region 
of head armed with an ocular row consisting of three bristles above 
which is a series of three shorter bristles near the antennal groove. Crenal 
process acuminate. Labial palpus extending beyond the apex of the fore 
coxa. Second antennal segment with several short bristles which barely 
reach to middle of third antennal segment. A series of small setae along 
posterior margin of antennal groove. Postantennal region of head armed 
with a marginal row of bristles and a long stout bristle near the second 
antennal segment above which is a much shorter one. Pronotum armed 
with a row of alternating long and short bristles and a ctenidium of about 
17 spines. Meso- and metanotum each armed with a posterior row of long 
bristles anterior to which is another row of much shorter bristles. Each 
abdominal tergite armed with two rows of bristles, the anterior tergites 
furtherarmed with one or two short stout dorsal teeth on a side. Fifth 
tarsal segment of each leg armed with five pairs of lateral plantar bristles 
of which the basal pair is strongly displaced towards the median line. 
Modified segments. Process of dasper broad and lobular armed with four 
short bristles at the apex. Movable finger broad, concave at both margins, 
armed with five bristles on the posterior margin of which the basal three 
are stout spiniforms. Another spiniform, somewhat shorter than the rest, 
located near the second from the basal spiniform (Plate I, fig. 2). 
Manubrium blunt distally. Penis broad and heavy, not acuminate distally; 
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spring very short not completing a sin^e turn. Stemite VIII armed with 
two Inistles located on po^rior margin some distance below apex. 

Tf/pe material. Male holotype collected July 20, 1938, frmn *‘Pero- 
myscu^’ at Cerro Potosi, Nuevo Leon, Mmdco. 

This qiedes closely resembles M. hitterrootensie (Dunn and Parker) 
from Montana and M. euphorhi (Rothsdiild) from Briti^ Columbia. 
From these species it may be readily separated by the details of genitalia 
(Plate I, fig. 2) as well as other stru^ures. 

Family ischnopsyixidae 
Stemopeylla texana, C. Fox 

1914 lechnopsyUue texanus C. Fox, United States Public Health Ser. Hyg. 
Lab. Bull. 97: 16, PI. V, figs. 6^ (Pecos, Texas, on bat, “Nyctenomus 
mesacanm”) 

1921 Stemopeylla texana Jordan and Rothschild, Ectoparantes 1: 158. 

Record: Mexico — Cerro Potosi, Nuevo Leon, August, 1938, on 
"Leptonycteris nivalis,” three females. 

. PLATE I 

EXPLANATION OF PLATE I 
Fig. 1. Foxella mexicana, n. sp., female, head. 

Fig. 2. Mciareua jordani, n. sp., male, movable finger and process of clasper. 

Fig. 3. PleochaeHa sibymia (Jordan), male, movable finger and process of clasper. 

Fig. 4. Foxella mexicana, n. sp. female, receptaculum seminis and stemite VII. 
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While making a survey in Clay and Palo Alto Counties of the plant 
cover s^ltering waterfowl (Plate I), it was observed that the cat-tall 
popvilation was not uniform. In shallow lakes and marshes in ^he vicinity 
of Ruthven during the past five years (1933 to 1938) , plants of the type 
described as Typha angustifclia L. have been more widespread than T. 
latifolia L. Dr. W. A. Anderson has located a colony of Typha angustifolia 
from which specimens have been collected in the vicinity of Lake Okoboji 
in Dickinson Coimty, and Dr. H. S. Conard reported to the writer a col- 
lection from Rush Lake in Osceola Coimty. The mime only appears for 
the first time in Conard’s Key to Plants of Iowa (Grinnell Flora 5th ed. 
1939), though no written discussion of T. angustifolia in Iowa has been 
noted. The occurrence of T. latifolia has been reported in several adjoin- 
ing states; in Missouri (7) , local in Saline County, in the shallow water of 
a spring-fed lake; in Wisconsin (2) , occurring in marshes in the Vicinity 
of Madison; in central Kansas (3) , in salt ma^es; in Illinois (8) , abun- 
dant locally in marshes surrounding Stony Island, rare at other points in 
the vicinity of Chicago; locally in South Dakota (6) , in water which is 
more or less alkaline. 

T. angustifolia (Plate IV) is less prominent in Clay and Palo Alto 
Counties Aan its variety T. angustifolia L. var. elongata (Dudley) Wiegand 
(Plate II, fig. 2) which occurs in dense colonies and borders on the north 
side of Mud Lake, along the south and west shores of Lost Island Lake and 
its outlet (Plate III) , around the west bay and shore of Trumbull Lake, in 
colonies in Elk and Virgin Lakes and in large areas particularly along the 
east third of Round Lake. In the summer of 1938 a large colony of T. 
angustifolia var. elongata was located in New Lake, an oxbow lake in 
Woodbury County, about one-half mile west of the town of Salix. 

Table 1 compares the chief characters that distinguish the main ty^s 
of Typha thus far observed. However, some intermediate types which 
appear to be hybrids cannot yet be included because of insufficient data. 

In the shallow lakes of Clay and Palo Alto Coimties the cat-tail phase 
of the emergent flora advances or recedes with the rise or fall of the water 
level whidi varies in depth from a few inches to two or three feet around 
the cat-tads. In 1935 and 1936 some stands were left by the receding water 
on mud flats for a time. The position of the colonies is affected temporarily 
throu^ cutting by muskrats which assist in the cycle of succession. 

In 1937 many of the cat-tails were attacked by micro-organisms 
which caused rotting of the rootstock after which the plants collapsed and 
sank under the water, llie stands of the narrow-leaved cat-tails during 
the five years observed in such shallow lakes as Round, Mud, and Trum- 
bull maintained themselves largely in vigorous condition and covered a 
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greater area than T. latifolia (Plate n, fig, 1) which tisually, occurs in 
shallower water, or in the fresh water of hilltop springs known as hanging 
bogs. Associated with T. angustifolia and its variety were some narrow- 
leaved forms in which the gross aspects of the spike resembled the narrow- 
leaved type. The pollen grains, however, occur in fours, which structure 
is characteristic of T. latifolia. Other forms in stature intermediate be- 
tween the two species were seen. These structural variations seem 
indicative of hybridity. 

In the herbarium of Iowa State College is a folder of plants designated 
Typha. These specimens, in their macroscopic morphology are t 5 i)ical of 
T. angusUfolia or its variety, but microscopic inspection shows lhat they 
have tetrad pollen grain. This rather robust type which, judging from 
herbarium specimens, is more or less widespread inland, appears to be a 
product of the i n la n d environment where it exists with its probable parent 
species. The relative distribution of these types inland will be revealed, 
perhaps, by more extended field work and laboratory study. 

The water of the lakes mentioned has a pH of 7.5 to 8.5 in the neigh- 
borhood of the cat-tails, though higher readings have been made else- 
where. The bottom of the lake is heavily silted (4) through long action of 
erosional forces operating on the adjacent land. The soil is highly cal- 
careous through the accumulation of plant residues for long periods, and 
by leaching of salts from the upland (1) . 

That T. angusUfolia and its variety have not been more frequently 
collected is perhaps accounted for by their occurrence in the deeper water 
of marshes and lakes than T. laUfolia and by the prevailing idea that T. 
angusUfolia is a plant restricted to coastal salt marshes. According to 
records, the narrow-leaved cat-tail is recurrent inland in saline areas or 
in the water of alkaline lakes, the soils of which are highly calcareous and 
where there is poor drainage. 

Svenson (11) , in a survey of effects of post-pleistocene submergence, 
finds that the botanical evidence of oceanic submergence offered by early 
writers as an explanation for the presence of halophytic plants is of little 
value in accoimting for their distribution inland. He states that inland 
areas with impeded drainage where the underlying rocks are calcareous 
afford a favorable habitat. In Clay (9) and Palo Alto (10) Coimties the 
underlying rock lies so far below the surface that it does not affect the 
character of the soils and the waters of the shallow lakes and ponds are 
derived from surface runoff rather than from subterranean sources. 
However, the poor drainage resulting in the retention of accumulated 
vegetative residues which decompose into peat and muck, as well as the 
products of silting and leaching from hi^er groxmd contributes, to a 
highly calcareous substratum. In these areas such dwellers in brackish 
costal marshes as the narrow-leaved cat-tail are able to persist inland. 
Metcalf (5) in researches on North Dakota lakes has determined the total 
concentration of s£dts in 75 lakes from which the vegetation is listed. Prom 
these data it appears that some of the waters of higher concentrations sup- 
port only plants that range in America from fresh through brackish, to s®dt 
water, such as Potamogeton pectinatus and Rupj^ mariUma. It seems 
probable, tiherefore, that hi^ concentrations of soil solutions may have a 
bearing on the tolerance of inland plants, which are also identified with 
coastal salt marshes. 

The foregoing discussion reports for the first time Typha angusUfclia 
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and its variety elongata as relatively abiindant locally in northern Iowa. 
Associated with the narrow-leaved types are forms intermediate between 
T. angiistifolia or its variety and T. latifolia. The inland environment is 
compax^d with the coastal marshes. Iowa collections upon which this 
discussion is based and some others are filed in the herbarium of Iowa 
State College. 
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PLATE!. 

Waterfowl feeding on duckweed in a narrow-leaved cat-tail marsh. Outlet of Lost 

Island Lake, Clay County. 
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PLATE I. 
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PLATE II. 

Fig. 1. A zone of Typha lutifolia L. in shalU w wal:r in Dewey’s Pasture, Clay County. 


Fig. 2. A colony of Typhn avoustiloHo L. var. elongata (Dudley) Wiegand in Mud 
Lake, Dewey’s Pasture, Clay County. 



PLATE II. 
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PLATE III. 

Typha angustifolia L. var. eloyigata (Dudley) Wiegand (cat-tails) in Barringer’s 

Slough, Clay County. 



PLATE in 



350 


ADA HAYDEN 


PLATE IV, 

The narrow -leaved cat-tail {Typha angustifolia L.) — a service and shelter plant for 
waterfowl, growing in Round Lake, Clay County. 
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Fridericia (1) has reported that hydrogenated whale oil, when mixed 
with fat containing vitamin A, causes destruction ci this vitamin. Ordinary 
whale oil, accord!]^ to Drummond (2) and Fridericia (1) , contains this 
dietary factor; whereas, hydrogenated whale oil does not contain this 
vitamin. It is therefore evident that hydrogenation causes some chemical 
change in the oil resulting in the formation of certain products that destroy 
vitamin A. Fridericia also states that heated lard causes destruction of 
vitamin A, when mixed with fat containing this vitamin; whereas, un- 
heated lard does not have this effect. He reports, furthermore, that certain 
hydrogenated and nonhydrogenated vegetable fats, when mixed with fat 
containing vitamin A, do not cause destruction of this vitamin. Powick 
(3) foimd that vitamin A in butterfat was destroyed when fed with rancid 
fats, and Mattill (4) also showed that both vitamins A and E were d^ 
stroyed by rancid fats. Whipple (5) found that vitamin A in cod liver oil 
is destroyed as rancidity develops in the oil. For several years Nelson, 
Nelson, and Lowe (6) have published results on the effect of heated fats 
on vitamin A. Recently Lease, Lease, Weber, and Steenbock (7) have 
published work on the effect of rancid and heated fats on carotene and 
vitamin A. They cite evidence to show that fats which had been heated at 
such temperatures as are frequently used in cooking destroyed vitamin A 
to some extent. 

Since heated lard causes destruction of vitamin A when mixed with 
fat containing this vitamin, it seemed important to ascertain whether or 
not vegetable fats act similarly. Fridericia (1) did not study the action of 
either heated hydrogenated vegetable fats or heated nonhydrogenated 
vegetable fats upon vitamin A. Experiments were therefore instituted in 
order to answer the following questions: First, what effect do heated and 
unheated fats have on vitamin A activity of butterfat when mixed with 
the latter fat? Secondly, from a practical standpoint, will baking with lard 
or other fats cause destruction of vitamin A in the baked product? No 
distinction in this work has been made between vitamin A and carotene; 
consequently the observed effect is that of treated fats on vitamin A 
potency or activity. 


EXPERIMENTAL 


All of the experiments were performed on rats weighing from 45 to 
55 gms. when placed on the various rations; they were obtained from the 
sto^ colony maintained by the Chemistry Department, Iowa State Col- 
lege. They were housed in wooden frame cages, the sides of which were 
composed of hardware cloth; galvanised pans served as bottoms and wood 

' Journal P^r No. J-661 of the Iowa Agricultural Experimaiit StaHon, AoMi 
I owa. Project No. 828. 


[ 853 ] 



354 


HARRSLSON, P. M. NSLSON^ LOWS, DYMS, AMD V. B. NBLSOK 


shavings were employed as litter. Six rats, three males and three females, 
were placed in each lot; they were weired weekly and cared for daily. 
The following basal ration was employed in the tests: casein 200 gms., 
salts 50 gms., yeast 100 gms., and dextrin 450 gms. The casein was pre- 
pared by washing the commercial product daily with 0.15 per cent acetic 
acid imtil free of vitamin A. The salt mixture was essentially the one 
employed by McCollum and Davis (8) and designated by &em, salt 
mixture 185. Il contained additional small quantities of copper and man- 
ganese salts together with a small amount of potassium iodide. The yeast 
was a dried product obtained from Standard Brands, Inc. Dextrin was 
made by treating starch with 0.37 per cent citric acid solution and auto- 
claving at 15 x>oimds pressure for three hours. 

The data in this paper will be considered under two heads: First, the 
effect of individual fats, heated and unheated, on the vitamin A activity of 
butterfat when mixed with the latter fat; and, secondly, the effect of bakng 
on the vitamin A activity of butter or egg yolk in cookies containing 
different fats. 

THE EFFECT OF HEATED AND UNHEATED FATS ON VITAMIN A POTENCY 

The following four rations, similar to those employed by Fridericia 
(1) , were used in this study: Ration I consisted of 800 gms. of the basal 
ration and 200 gms. of butterfat; ration II consisted of 900 gms. of the basal 
ration plus 100 gms. of butterfat; ration III was composed of 800 gms. of 
the basal ration plus 100 gms. of butterfat and 100 gms. of the fat investi- 
gated; and ration IV consisted of 800 gms. of the basal ration, 100 gms. of 
butterfat, and 100 gms. of the corresponding heated fat undergoing investi- 
gation. The latter had been heated 24 hours in a thin layer (one-eighth 
inch thick) at 102® C. to 105® C. The butterfat and the fat tested were 
mixed at temperatures slightly above the melting points of the two fats. 
The butterfat employed in the studies was prepared by heating butter on 
a steam plate to Ae melting point, following which the fat was promptly 
decanted from the salts, water, and curd. Rations I and II served as con- 
trols for all of the fats and oils; they were not repeated for each test, al- 
though they were employed a total of three times. Growth of the animals 
was normal on rations I and II. Rations III and IV were employed for 
each fat studied. 

The results of this series of experiments are given in table 1. The 
effect of heated fats upon vitamin A activity was made evident by the poor 
growth of the animals receiving the heated fats and the development of 
xerophthalmia in the animals; each lot was continued on experiment for 
at least 12 weeks, or until death intervened. The plus sign imder growth 
signifies that body weight increased steadily, and the negative sign signi- 
fies that loss of weight occurred after different lengths of time, and that the 
animals died. The figures imder xerophthalmia designate the numbers of 
animals showing symptoms of the disease and, since six animals were em- 
ployed in each lot, the remaining animals in the lots died without display- 
ing any evidence of the malady. The letters N. D. signify that vitamin A 
activity w^ not destroyed, and the letter D signifies that destruction of 
this vitamin occurred. U. V. indicates that the animals were exposed to 
ultra-violet li^t for five minutes daily. The term storage rrfers to animal 
fats kept imder ^cified conditions for varying lengths of time. The 
storage animal fats (experiments 14, IS, and 16) were kept in a cool place. 
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cookies was tested. 111686 cookies were prepared according to the same 
method and had the same formulae as me first series of Uutter cookies 
(talite 4) , Hie diets containing the second series of butter cookies had 
the compositian as given in table 5. The ei^riments on the second series 
of butter cookies were begun about three and one-half months after the 
beginning of the first series of butter cookie experiments; the data are 
recorded in table 6 (experiment B, lots VI to X, inclusive) . Hie results 
are not in agreement with those obtained on the first series of butter 
cookies, experiment A, lots VI to X, inclusive. In ^ £^t series of butter 
cookies only lot VHI, receiving vegetable fat 2, grew normally; whereas, 
in the second series of butter cookies the animals in lots VHI and IX, re- 
ceiving vegetable fat 2 and animal fat 11, respectively, exhibited normal 
curves of growth. The other lots ceased to grow after one-half to three 
months on the rations. The control group, experiment B, lot I, received the 
same ration as did the animals in lot I,.table 3. The experiments on the egg 
cookies also were repeated, and the results were the same as on the first 
series of egg cookies. The data on the second series of egg cookies are 
given in table 6 (experiment B, lots I to V, inclusive) . 

Hie butter cookies remaining after experiment A, table 6, was com- 
pleted were stored at a temperature of 26° C. for 10 months, incorporated 
into rations having the composition given in table 5, and fed to the animals. 


TABLE 6. RestilU (Stained on the baked products 
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+ and — signs designate rate of growth as compared to normaL 


Figures refer to the number of animals exhibiting xerophthalmia. The animals 
were kept on experiment for at least 12 weeks (in some cases as long as 18 weeks) or 
until death intervened. 

Hie results are recorded in experiment C, table 6. Hie rats in lot VHI 
grew normally for 12 weeks, when the experiment was discontinued; the 
remaining animak ceased to grow at varying times, ranging from one to 
three months. A third and fourth series of butter cookies were prepared 
having the same formulae as series I, table 4, and the rations containing 
the cookies had the compositicm given in table 5. The tiiird series of butter 
cookies was kept at 26° C., and enou^ of each batdi of the cocddes was 
made into rations at one time for a tiiree weeks’ supply. Hie data obtained 
with these cookies are given in table 6 (experiment D, lots VI to X, inclu- 
sive) . Hie fourth series of butter cookies was kept in a cold rocxn ( — 6° C. 
to 10° C.) . Zkou^ of each ration for a three weeks’ supply was mad* , 
each time, but only a one week’s supply of the ration was k^t in the lab- 
oratory, the remainder being k^t in the cold room. Hie results Of this 
experiment are ^own in table 6 (experiment E, lots VI to X, inclusive) . 
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Ibe game fats were enjoyed for the i»reparatioii the third and fourth 
series of butter cookies. 


TABU 7. Peroxide content of faU 

Peroxide value 

Fats (millimols per 1,000 gnu.) 


Unheated oleo 21 3.90 

Heated oleo 21 62.8 

Unheated oleo 23 1.04 

Heated oleo 23 673 

Unheated oleo 24 1.06 

%ated <deo 24 64.3 

Unheated oleo 25 2.78 

Heated oleo ^ 66.3 


DISCUSSION OF RESULTS 

Ibe data in table 1 reveal that most of the heated fats, when mixed 
with tmheated butterfat, cause destruction of vitamin A contained in die 
latter fat. However, two brands of oleomargarine, designated oleo 21 and 
oleo 22, whidi were purchased on the local market, acted differently fn»n 
the other fats. Our first experiments on both margarines were made on the 
products as purdiased. Ihese margarines when heated and mixed wi^ 
unheated butterfat did not destroy vitamin A of the butterfat (table 1, 
experiments 22, 24) . It mi|^t be well to emphasize at diis point &at all 
samples of butterfat employed in the experiments, whose results are given 
in table 1, were prepared from butter by decanting the fat from water, 
curd, and salts. Since the two brands of oleomargarine acted differendy 
from the other fats, it was believed that this mi^t be caused by the salts 
or mud; and that, if these substances were removed, the margarines upon 
heating mi^t act like the other fats. Consequently, another experiment 
was performed, in wfaidi both margarines were melted and the fat layer 
decanted; the decanted fats were then heated for 24 hours at 102° C. to 
105° C. and mixed with unheated butterfat. It will be observed from 
table 1, experiments 23 and 25, that vitamin A activity of the butterfat was 
not destroyed whei^ the margarines so treated were mixed with imheated 
butterfat. Ihe unheated margarines did not cause destruction of vitamin 
A activity when mixed with unheated butterfat, as was to be expected. 
In all cases the fat tested and the butterfat were mixed at a temperature 
subtly above the melting point of the fats and the mixture added in the 
proper amount to the ration. In experiments 22, 24, and 26 the margarines 
were employed as piuchased; whereas, in experiments 23, 25, and 27, S 
signifies that decanted fats were used. It would appear that the two mar- 
garines, oleo 21 and oleo 22, act differently from other fats on heating. 
However, because the resulte on these iT>ap|j|tines were unique, it was 
deemed advisable to repeat the experiments cALdecanted and nondecanted 
oleo 21. It will be observed, table 1, experiments 26 and 27, that the results 
of the second test on oleo 21, heated and unheated, were the same as those 
obtained on the first sample. Oleo 22 was not tested again, because it was 
not available on the local market. 

The two oleomargarines acted differently from most of the other fats, 
for example, animal fat 31, as diown by experiment number 36, table 1. 
Animal fat 31, after melting and decanting, was heated for 24 hours at 
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102° C. to 105° C. in a tibin layer (one-ei^th indi thick) And mixed with 
unheated buttexfat; and it will be observed from the data that vitamin A 
in die unheated buttexfat was destroyed. In view of this difference be- 
tween certain margarines and certain animal fats, it was decided to test 
some more margarines. Dr. W. Lee Lewis of the Institute of American 
Meat Packers supplied us with three different oleomargarines. These 
margarines are called oleo 23, oleo 24, and oleo 25. Oleo 23 was made 
prindp^y from coconut oil, oleo 24 was manufactured from fat of which 
approximately 75 per cent was animal fat (made up of oleo oil and neutral 
lai^) and 25 per cent was cottonseed oil, and oleo 25 was prqiared entirely 
from cottonseed oil. The results are given in table 1, experiments 
numbers 28, 29, and 30. Xerophthalmia or death resulted m the rats 
on heated oleo 24 and oleo 25, so that none of the animals fed these 
margarines survived at the end of nine weeks. All but one of the rats were 
dead on heated oleo 25 at the end of six weeks, and the remaining animal 
died at the end of nine weeks. Three of the rats on heated oleo 24 were 
killed because of middle ear infection, two animals died of xerophthalmia, 
and the remaining one died without evidence of this disease. One of the 
animals on heated oleo 23 was killed because of otitis media, but the re- 
mainder, at the end of 12 weeks, were in good physical condition. This 
experiment seems to indicate that margarines composed of coconut oil act 
differently on heating than margarines composed of certain other fats. All 
three margarines were decanted after melting, in order to eliminate salts, 
curd, and water; the tests were performed on the decanted fats. 

Naturally, the next problem was to explain the action of the mar- 
garine prepared from coconut oil. The margarine made of coconut oil (ex- 
periment 28) and three samples of coconut oil (experiments 37, 38, and 39) 
acted similarly in that none of them cause destruction of vitamin A in but- 
terfat when heated emd mixed with unheated butterfat. However, certain 
other samples of heated coconut oil caused destruction of vitamin A when 
mixed wi& butterfat (experiments 40, 41, 42, 43) . It was believed that the 
differences obtained with the various margarines mi^t be caused by the 
quantity of peroxide, but the analyses in table 7 do not support this conten- 
tion. It will be observed from the data in this table that heated oleo 23 con- 
tained more peroxide than heated oleo 24 and heated oleo 25, but the vita- 
min A activity of butterfat was not destroyed by heated oleo 23, but the 
vitamin activity was destroyed by the other two heated margarines. 
Furthermore, heated oleo 21 contained almost as much peroxide as heated 
oleo 24, nevertheless the effects of these two margarines on vitamin A ac- 
tivity were markedly different. More convincing evidence that peroxides 
are not the only factors responsible for the destruction of vitamin A is 
shown by die effects of animal fats 29 and 30 on this vitamin. Both of these 
heated &ts caused destruction of vitamin A, even though they contained 
only 52.53 and 56.21 millimols of peroxide per 1,000 grams of fat, reflec- 
tively. The data, therefore, strongly suggest that some unknown sub- 
stances, aside from peroxides, are refxmsible in whole or in part for the 
effects produced by heated fats, and t^t the heated coconut oil margarine 
either contained less of these substances or else it contained substances of. 
unknown fimction, possibly of the nature of anticatalyzers,vduch retarded 
the reaction. The work of Olcovich and Mattill (9) lends support to some 
of these conclusions. They say that the commonly measurra stability of 
vitamin A (carotene) in different vegetable foods exposed to heat and Ught 
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does not depend upon the carotene itself or on the presence of ox 3 n|en, 
mazily, but is dependent upon the presence of other substonoes. ISirther- 
more, they state: “Since carotene in the solid state is decolorized and 
rendered inert, physiologically, by heat in the absence of oxygen, and 
since in solution it xmdergoes this change even more rapidly under the 
influence of heat or ultraviolet radiation, it follows that the resultant 
achroocarotene is not a product of oxidation but rather of an intra- 
molecular rearrangement, or possibly of polymerization. Inasmuch as 
hydroquinone delays the transformation of carotene under these condi- 
tions, its fxmction as an antioxidant must be extended to include the 
capacity to prevent the shift in electrons, if such it be, which attends the 
thermal or photoelectric change of the unstable to the colorless and more 
stable form of carotene.” 

Table 1 also reveals another interesting phenomenon; namely, that 
the exent of vitamm A inactivation produced by heated fats depends upon 
the temperature to which the fat is subjected. Ebcperiments number 18, 
19, 20, and 21 show that record of performance lard heated at or below 
80^ C. fails to develop the characteristic substances responsible for vitamin 
A destruction. The question arises whether the same effects of tempera- 
ture apply to all fats; unfortimately an answer cannot be given from the 
data at hand Furthermore, althou^ heated animal fats 5 and 10 inacti- 
vated butterfat (experiments 6 and 11, table 1) , they did not do so when 
the ration was mixed dally. 

The stored animal fats (experiments 14, 15, and 16) did not act alike. 
The unheated commercial storage animal fat 15 (piu*chased on the mar- 
ket) caused destruction of vitamin A when mixed with butterfat; whereas, 
the other two unheated stored animal fats did not do this. Animal fat 15 
was rancid organoleptically while animal fats 13 and 14 were not. It would 
appear, therefore, that rancidity is in some manner correlated with the 
capacity of a fat to destroy vitamin A when mixed with butterfat; in other 
words, from the standpoint of effect upon vitamin A, the development of 
rancidity within a fat results in transformations analogous to those pro- 
duced by heating. 

It will be observed from the data in table 6 that animal fat 5, vegetable 
fat 2, and animal fat 11 did not cause destruction of vitamin A in the 
cookies containing egg yolk. Experiment A reveals that in the first series 
of butter cookies vegetable fat 2 prevented destruction of vitamin A 
activity of the butter contained in the cookies; whereas, animal fat 11 and 
animal fat 5 did not do this. The data also show that vitamin A was 
destroyed when butter constituted the only fat in the cookies (lot VI, 
experiment A) . 

Experiment B shows that vitamin A of butter was not destroyed in 
the cookies containing either vegetable fat 2 or animal fat 11, but it was 
destroyed in the cookies containing animal fat 5 and in the cookies contain- 
ing butter alone. The same batches of animal fat 5 and animal fat 11 were 
employed in the butter cookies, experiments A and B, table 6; but since 
experiment B was performed several months after experiment A the ani- 
mal fat 5 and animal fat 11 employed in experiment B were oldtr M^iples. 
The samples of animal fat 5 and animal fat 11 were stored in a eobler at 
approximately 0^ C. Two different samples of vegetable fat 2 were em- 
ployed in the butter cookies in experimenta A and B. Tlie data indicate 
either that a chemicgl change had occurred in the animal fat 11 during 
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stOEEM so altered it that when incorporated with the cookies vita- 
min A destruction was prevented; or, what appears more probable, that 
the conditions involved in the mixing of the ingredients of the cookies and 
subsequent heating were not absolutely uniform and, therefore, different 
results were obtained. It is difficult to prepare two batches of baked 
products exactly alike even h*om the same mix, and it is just as difficult to 
know whether or not they are alike. However, the temperature of the 
ingredients when mixed was 24.5° C. + 1° C. Mixing time, rolling, and 
thickness of the mix were kept constant. Baking temperature was constant 
at 170° C. for 11 minutes and, because extreme care was used to keep 
conditions constant, it is difficult to explain the different results obtained 
in experiments A and B. 

The cookies remaining after experiment A was completed were stored 
for 10 months at a temperature of 26° C. and then fed to the aninuds. The 
results are given in experiment C, table 6. Even after this long storage 
period vegetable fat 2 prevented destruction of vitamin A in ffie cookies. 
Two new series of butter cookies were prepared carrying different samples 
of animal fat 5, vegetable fat 2, and animal fat 11 than were employed in 
the first two series of butter cookies. The results are recorded in table 6 
(experiments D and E, lot VI to X, inclusive) . Cookies of series D were 
kept at approximately 26° C., and cookies of series E were stored at a 
temperature from — 6° C. to 10° C. In experiment D vitamin A was de- 
stroyed only in the vegetable fat 2 cookies; while in experiment E vitamin 
A was not destroyed in any of the coolues. It would appear from the 
results that storage temperature may play some part in the destruction of 
vitamin A in baked products. 

Three samples of coconut oil (experiments 37, 38, 39) on heating 
failed to destroy vitamin A in butterfat; whereas, four other samples of 
coconut oil (experiments 40, 41, 42, 43) on heating caused destruction of 
vitamin A in butterfat. Now it is possible that some coconut oils contain 
certain antioxidants or substances of iinknown fimction whose presence 
prevents the oil from developing the property of vitamin A destruction 
when subjected to heat. Substances ffiat prevent decomposition of ffits 
have been recognized by Anderegg and Nelson (10) ; it is probable that 
substances of like function may play an important role in the preservation 
of vitamin A in the baking process or in ffie butterfat when mixed with 
certain heated fats. In an article entiUed “Milk Powders as Food II,” 
Anderegg and Nelson state: “During this work a marked difference was 
observed between the nutritive value of whole milk powder and skimmed 
milk powder. This difference cannot be attributed solely to a difference 
in the ffit content; for when skimmed milk powder was suitably supple- 
mented so that the resulting diet conformed in chemical composition to 
one of whole milk powder, on which very good results concerning repro- 
duction were obtained, the outcome on the skimmed milk powder ffiet was 
entirely different. When cod liver oil is incorporated in ddmmed milk 
I»wder diets, as a source of fat soluble vitamins, it undergoes decomposi- 
tion giving rise to products strongly suggestive of acrolein. 'Other hi^ly 
desicated materials also induce this decomposition. Addition of ethyl, 
alcohol, wheat oil, or water to such mixtures exerts a protective action. 
Skimm^ milk powder diets, upon which rats are sterile, were so changed 
by the addition of water and administering ffie cod liver oil s^nratdly 
that fourffi generation young have now been obtained.” The similarity, 
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from a cfremical standpoint, between the work of Anderegg and Ndson 
and some of the results of this paper are striking. 

SUMMARY 

1. Most of the heated fats that were studied caused destruction of 
vitamin A in butterfat. 

2. Some heated oleomargarines and some heated coconut oils de> 
stroyed vitamin A; whereas, others did not. 

3. The data seem to indicate that peroxides in heated fat are not the 
only factors concerned in the destruction of vitamin A. 

4. Heating fat at or below 80° C. did not develop the characteristic 
change in the fat which causes inactivation of vitamin A. 

5. Rancid fats appear to cause destruction of vitamin A. 

6. The effects of die addition of fats to baked products on the vitamin 
A of the products will depend on the nature of the substances used as a 
source of vitamin A in the baked products, possibly upon the nature of the 
fats added, and upon certain vmknown factors involved in the baking 
process. 
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A review is given in this report of some of the work done in our 
laboratory during the past year involving the physiological effect of thia- 
min or vitamin Bi upon the living cell. Its specific function in Ihe glucose 
metabolism of living tissue was first reported by R. A. Peters (1) v^o 
was able to demonstrate that pyruvic acid in animal tissue arising from 
the decomposition of carbohycuntes cannot be oxidized in the absence of 
thiamin. Similar results have been obtained by us emplojdng bacterial 
cells grown in thiamin deficient media (Cf. references 6, 7, 8, 9, 10) . The 
cells used in this work were grown in fhe basal medium of Tatum, Wood, 
and Peterson (2) in the absence of any added thiamin. Their ability to 
oxidize pyruvate under anaerobic conations was tested in simple War- 
burg manometers. The results are shown in table 1. 


TABUS 1. The oxidation of pyruvic acid by Propionibocterium 



Cell suspension 


Propionihacterium 

pentoeaceum 

Propionihacterium 

peterseonU 

hactohacUlue 

mannitopoeuM 

No activator 

85 

5 

23 

Two micrograxns thiamin 
added to suspension 

480 

120 

90 


Note: Results in nun’ COt evolved in 3 hours from sodium pyruvate. 


The catalytic action of thiamin in the anaerobic pyruvate metabolism 
of the propionic acid bacteria and the single species of heterolactic add 
bacteria is dearly brought out in table 1. In the absence of thiamin, 
Propionihacterium peterssonii is unable to oxidize pyruvate; on the addi- 
tion of 2 micrograms of ffie vitamin to 2 cc. of the ceU sm^nsion, pyruvate 
is attacked. SinUlar results are obtained with suspensions of Propionu 
bacterium pentosaceum and Lactobacillus mannitopoeus. Escherichia coU 
and Aerobacter indologenes, grown in a thiamin-free mediiun, do not diow 
an increase in pjnruvate metabolism on the addition of thiamin. They are 
capable of synthesizing the vitamin probably as rapidly as it is reqiiired. 
Sunderlin and Workman (3) in 1928 reported the synffieds of vitamin B 
by E. coU. 

Diphosphothiamin or cocarboxylase is essential for the decarboxyla- 
tion of pyruvic acid 1^ yeast. Dried yeast can be freed of its cocarboxylaae 
by waging with alkaline phoq>hate. It now no longer can break down 
pyruvic add exc^t on the addition of cocarboxylase; free thiamin is in- 
effective. Since we had foimd that free thiamin stimulates the propionid 
and lactic add bacteria, it was of interest to determine whether or not the 
thiamin was estm^ified before it catalyzed the breakdown of pyruvic acid. 
Present evidence indicates that such is the case. 

[3651 











M. SILVERMAN AND C. H. WRRXMAN 


We have found that P. pentoBoceum is capable of synthesizing coear- 
braylase. If P. pentosaceum is transferred from a yeast extract-peptone 
medium to a ba^ meditim free of thiamin, the thianihi content of me cells 
is almost completely depleted by the third transfer on the basal medium. 
If to these cells, after thorou^ washing, free thiamin and phosphate 
buffer are added, a synthesis of cocarboxylase occurs. This is evidenced 
by data presented in table 2. 


TABLE 2. SynUiettig oj cocarhoxylaae by depleted cells of Propioifiibacterium 



Supemate 

2.3 micrograms 


Activator 

1 

2 

cocarboxylase 

Centred 

mm* COj in 30 min 

324 

28 

236 

21 


Note: Test cells— yeast washed free of cocarboxylase. 
Substrate — sodium pyruvate. 


Supemate 1 had been obtained from a mixture of thiamin depleted 
cells, thiamin and phosphate buffer after 4 hours’ incubation at 30® C. 
Supemate 2 was an identical mixture which was not incubated, but boiled 
immediately after mixing. As is readily seen, yeast washed free of cocar- 
boxylase is reactivated by that synthesized by the bacteria, leaving little 
doubt that P. pentosaceum is capable of synthesizing cocarboxylase from 
thiamin and phosphate buffer. 

Further evidence that thiamin is converted into cocarboxylase by 
thiamin deficient propionic acid bacteria may be obtained by a comparison 
of the stimulating action of free thiamin and crystalline cocarboxylase in 
the anaerobic pyruvate metabolism of these cells. Such data are presented 
in table 3. 


TABLE 3. Comparison of vitamin Bt and cocarboxylase as stimulants in the anaerobic 
pyruvate metaboliam of P. pentosaceum grown in vitamin Bi deficient media 


j 

Cup 

1 

2 

1 

3 

4 

1 

5 

Activator 


1 0.25 microgram vitamin Bi 

0.34 microgram cocarboxylase 

Main vessel 

Side cup 

Main vessel j 

Side cup 

Interval 

min. 

0-30 

28 

95 

51 

95 

60 

30-60 

8 

64 

35 

59 

51 

60-90 

7 

54 

32 

53 

50 


7 

55 

41 

56 

52 

120-150 

6 

42 

37 

44 

50 

150-180 

5 

46 

41 

46 

47 


Note: Results in mm' corrected for endogenous COs. 


In cups 2 and 4, containing equimolar concentrations of thiamin and cocar- 
boxylase, the cells had been incubated with the activators 45 mhlutes 
before the addition of pyruvic acid. The rates of gas production during the 
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intervals recorded are similar. In cups 3 and 5, equimolar ^juantities of the 
two activators were added to the cells at the time of the addition of pyruvic 
acid---no initial period of incubation of the cells and activators was per- 
mitted. Cup 5 containing added cocarboxylase attained the rates of the 
others after a 30 minute lag. Cup 3 containing the free thiamin required 
from 90 to 120 minutes to attain tiie rates of the others. It is reasonable to 
assume that this time is r^uired for the synthesis of the diphosphoric ester 
of thiamin. In any case, if no previous incubation with the bacterial cells 
is permitted, cocarboxylase is a more effective stimulant than is free 
thiamin. 

Work by Robbins (4) of the Missouri Botanical Gardens and by 
others has shown that some fungi are capable of synthesizing either or 
both of the two fractions^ of the diiamin molecule to satisfy their growth 
requirements. We have tested the ability of P. pentosaceum to utilize 
either fraction separately or both together as a substitute for thiamin. It 
has been foimd diat cells of P. pentosaceum cannot use the individual 
fractions as a substitute for the vitamin even when both are present — 
apparently these bacteria are unable to couple the two fractions to form 
the complete vitamin. 

In reporting on the nutrition of the propionic acid bactei:ia. Wood, 
Andersen, and Workman (5) have shown that one of them, P. pento^ 
saceum can be trained to grow as well in the absence of thiamin as in its 
presence. Their data indicate that adaptation occurred after continuous 
serial transfer in an ammonium sulfate medium containing only ether 
extract of Difco yeast extract as a stimulant; the organism gradually ac- 
quired the ability to dispense with the vitamin. These investigators did 
not determine whether the organism trained to dispense with the vitamin 
acquires the ability to S3mthesize it, or whether its metabolism is diverted 
so that the vitamin is no longer required. We have found that the organism 
acquires the ability to synthesize thiamin. 


TABLE 4. Comparative yields of cells, their vitamin Bi content and anaerobic 

pyruvate metabolism 



Yield 
of wet 
cells 
cc 

Vitamin Bi 
content per 
gram dry cells 
micrograms 

Anaerobic 

pyruvate 

metabolism 

mm*CO*/hr. 

“Trained” cells 

1.15 

6.25 

120.3 

“Untrained” cells 

0.50 

040 

15.2 

^ , “trained” 

Ratio 

“untrained” 

23 

15.6 

7.9 


Table 4 summarizes the results obtained in a series of experiments com- 
paring cells of P. pentosaceum which had been carried three transfers 
C^irntrained cells”) and ten transfers (''trained cells”) on a basal medium 
free of thiamin. 

* Pyrimidiiie fraction employed was 2-methyl-5-bromomethyl-6-ammo pyrimidine 
hydrobromide. 

Thlazole fraction employed was 4-inethyi-5-/9-hydroxyethyl thiaaole. 
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Many iffoblems in the ai^lications of mathematics lead to questions 
of the following kind: let L" (v) denote a differential eiqjiresfdon — partial 
or ordinary—of order n, X a parameter, and y = y(x, X) the solution of a 
certain boimdary value problem concerning an equation of fhe form 

(1) L"(y) + XL“(y)=0 (m<n). 

The questions are then: first, whethei^-es seems plausible— lim 

X -^00 

exists and is a solution of the equation = 0; second, what boundary 
conditions this limit satisfies since y (x, %) satisfies n boimdary conditions 
while L“ = 0 is an equation of order m < n.* 

The investigation of the relationship between the theories of viscous 
and ideal liquids (vanishing viscosity) offers famous examples for prob- 
lems of this kind;' another example is fumi^ed by the mathematical 
theory of the skin e£^t.' 

In some former papers the present author dealt with certain linear 
and non-linear problems of the type mentioned above for the case m = 0.' 
It is the aim of the present note to give a simple example in idiidi the 
method used in these papers can be applied also for the case m = 1. 

Tbeqrem. Let y (x, X) he the eoluHon of the boundary value problem 

(la) y" + X(y' — y) = X/, (lb) y(0) = y(l) = 0 

where X is a positive parameter and the given function f(x) is continuous 
in the interval O^x^l. Let t) (x) be the solution of the problem 

(2a) Ti'-Ti = f, (2b) ti(l) = 0. 

ri xm 

' PreseniRd to tiw American Mathematical Society, November 26, 1938. 

*lhe important investigations of Birkhof^ Tamarkin, Langer, 'nrjitzlndd, and 
other writers dealing with the asynqrtotic integration of «nrdinary differential equations 
lie in another direction. Referenees conceming these investigations may, for instance, 
be found in W. J. Ttjitzinski’s paper, "Theory of linear differential equations contain- 
ing a jMurameter," Acta Mafhematica, 67:1-50. 

' Me C. W. Oseen, I^rdrodyiu^i, Leipzig, 1927. 

a treatment from a purely mathematical point of view, see E. Rothe, Zur 
hitegralgleidiung des SUneffekts, Journal f. riene u. angewandte Mathematik, 176 
(1934), vdiere omer references conceming papers on the akin effect may be found. 

* uber asymptotiache Entwiddungen bd Rimdwartau^bai elliptiacher partidler 
DifierentiaLdekmungm, Mathematistme Annalen, 108 (n& of volume) (1933); ttber 
asymptotiam Entwlckiungen bei Randwertaubptben der Gleichung AAu -|- Xu = 
Matfaematisc^ Annalen, lli (1933); tlber asymptotiadie Entwicklungen bei gewisMn 
itiditUnMowi Randwertaufgaben, (kanpositio Methematlca, 3 (1936). 
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nien 


limy(x,X.)=:i^(x) forO<xSl.* 

XH^OO 


For the proof, we first state file following: 

I. Let F (x, X) be a given continuous funcUon (0 ^ x ^ 

0 g X < oo) and M(X) = Max lF(x, X) |. The solution v of 

O^x^l 


( 4 ) 

satisfies the inequality 


v" + X(v' — o)=F 


lv(a:.^)| < 


5M(X) 


for sufficiently large X. 

Prooj Off Lemma I. Putting 

(6) r = e *^*z, 

one gets from (4) 

(7) zr' — vz = F 


v(0)=t>(l) = 0 


z(0) = z(l) = 0 


v = -^ + X. 
4 


The solution of (7) may be written in the form 
(9) z(»)=ii(x,?,X) F(?,X)e»^«d| 


where g is the Green’s function belonging to (7) , namely, 

V y * —1 fsinhvV(l — |)sinh\/7af forg^x 

(9a) p(x, |,X) = — = —< _ . ^ 

Vv sinhVv lsinhVv(l — x)sinhVv I for|<x. 

We see from (9) and (6) that 

(10) |o(x)|<M(X)7(x) 


J(x)= -/p(x, i,X) d|. M(X)= Max, lF(x,X) | 

0 OgxSl 


On the other hand, elementary integration furnishes 

g-(V7+iX)*n _ g-(V7-lX)(i-x) _ e-*v7x) 

XI (x) = 1 . 

1 _ 


•As X-^oo, the solution of y"" — XCv' + lf)s=: Xf for y(0)=: v(l)=: 0 

proaches, in 0 g x < 1, that solution of — 4* if) ts f is sero for x = 0. This 

case may be reduced to the one treated in the above iheomn by substitutiiig 1 x 
for X. • 
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Therefore, 

XI^IH L_ 

1 — c-*^" 

which, on account of (10) , proves (5) . 

Lbicma n. 1^ h (x) be defined and continuous in (0, 1) , u the solu- 
tion of 

(11) tt" 1 (tt' — tt) = Xh with tt (0) z= tt (1) = 0, 

and to the solution of 

(12) v/ — to = h, with w (1) = 0. 
li then h is sudi that 

(13) ^/\(|)e-tdS = 0, 

then 

(14) lim^«(x)= w(x) 
ucdformly in 0 ^ x ^ 1. 


Proof of Lemma 11. As is easily seen, the additional condition (13) 
together with (12) implies w (0) = 0. Hence, it follows from (11) and 

(12) that v — u — to is the solution of problem (4) with F = — w", and 
(14) is a consequence of (5). 

We ttum now to the proof of equation (3) of the theorem. If e is an 
arbitrary positive number less than 1, it will be sufficient to prove (3) for 
E ^ X ^ 1. For this purpose we define a function h by 


Jh (x) = f (x) for Vae ^ x g 1 

[h (x) = tf (%£) + (* - %e) o]c‘ for 0 g X < VsE 

where 

a = - f (%E) + 4 e**/# (5) e* 

£ £ 


As may be easily verified, h satisfies the hypothesis (13) of Lemma II, so 
that (14) is true. On the other hand, it follows from (1) and (11) fiiat 
v = y — u is foe solution of (4) with F — X(f — h). Hence it follows 
from (9) , (6) , and foe definition of h that 

V - u = Xj* [f (i) - fc (5) ]e-»<*-«> g (X, ?, X) dh 
0 

Therefore 

(16) 1 If - tt 1 g - X j*e-»<*-«>g(x, I, X)d|- {Mox|f| + Max\h\} 

0 


Using foe fact that x > I, one obtains from foe definition (9a) of g 
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Boras 


(17) 

• yv ® sinhVv 

Since x — we see ircm (17) and (16) that lim (y — u)sO. 

A '^00 

Hence, on account of (14), lim y — ia, udiere w ia the aolutiini of the 

X-><30 

problem (11). But, on accotint of the definition of h, the solution of 
problem (11) is identical with the sdution t) of problem (2a) , (2b) for 
^ X ^ 1. 11115 proves equation (3) for e ^ x ^ 1. 



THE THEORY OF TOPOLOGICAL ORDER IN SOME LINEAR 
TOPOLOGICAL SPACES^ 

Bsich Roihe 

From lh« Dopartmemt of tf atfcemotict and PhytUss, Widiam Perm College 
Recdved June 24, 1839 

1. INTRODUCTION 

Let £ be a space of the following properties: _ 

1. £ is topological, that is, to each subset AcE exists a ^bset A c £, t he 
closure of A, with &e following properties, (a) (A) = A; (b) A + R 
A + B; (c) if A contains not more than one point, thoi A = A.* 

2. £ is a linear vector space.' Hie operations implied in the definition 
of a linear vector space (addition of points and mult^lication of a point 
with a real number) are supposed to be continuous. 

3. There exists at least one convex* neighborhood U of the zero point o of 
£ which is “bounded,” that is, has the following property: if oi, oj . . . is a 
sequence of real numbers converging to zero and |i, $ 2 , • • • an arbitrary 
sequence of points of U, then lim OoXn = o.' 

Throushout this paper we denote by V a closed convex bounded set 
in £ containing at least one interior point and by S its boundary. Let 
m < M be two positive numbers, X(;) a continuous function defined for 
XCS, and gf (;) a completely continuous representation of S;* the image is 
supposed to lie in £. We consider the representation 

(1.1) 9 = f (5) = Us) I + 3 (s) (0 < m ^ Us) ^ M) . 

In goieralization and extension of a former paper,^ it is the aim of 
the present paper to develop the theory of the order u(f, S, Qo) of a point 
Qo c £ not lying on the image f (S) of £.' 

In Section 2 a number of properties of the order which are well 


* Ports of this paper have been presented to the American Mathematical Sode^ 
December Zt, 1837, and A]^ 8, 1938. 

'Hie de&iltion adc^ted here is tiie me used in [1] and [5]. (Ihe numbers in 
brackets r^Eer to the list of references at the end of this pqwr.) In die terminology 
used in [2], p. 37 and 80, this is a topdogical Ti space. 

' [8], p, 28. 

'A subset V of £ is said to be convex if S>C^> S>C V implies tSi +(1 — t)s,c V 
f(»r 0 g t S L Ibis set ot points is called the segment connecting Si and 5i. 

'Hits definition is due to KohnogmoS [5]. 

* A r e p re sen tation is said to be compleiely continuous if it is continuous and if dw 
hnage of eadh bounded set is compact 


xn. 


'For the theory of the order in n-dimensional spaces see for instance [2], Chapter 
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known for n-dimensioiial ^oes are proved in the qiedal ease tint £ is a 
normed qmce.* 

According to a theorem due to Kohnogorc^* each qiace E can be 
normed. For the definition of the order in the g«ietal case it is, Ihecefore, 
sufficient to diow that the order is independent of the special norm wfaidh 
has been introduced. This is done in Section 3. 

In Section 4 we deal with a space E whidi is normed and strictly 
omvex.^^ In this case it is proved that the equality of the two orders of a 
point t)o c £ with respect to two representations of the form (1.1) is not 
only necessary but also sufficient for the homotopy of the two represmi- 
tations in £ — Furthermore, the notion of the degree of the representa- 
tion of an S into an Si is introduced. It is proved that this degree is zero 
if not all points of Si are image points. Also, it is shown from the theorem 
on homotopy just mentioned that the equality of the two degrees of two 
representations is necessary and sufficient for the homotopy of the two 
representations in Si. 


2. NORMED SPACES 

Throughout this section £ is supposed to be a normed linear vector 
i^ce.^* An n-dimensional linear subspace of £ is denoted by £^ The 
representation 

(2.1) ^(j) = r + S(5), 

defined in a certain subset of E is called a ‘^layer representation” (with 
respect to E^) if @ (y ) c E® and if, moreover, © is continuous. Evidently 
a layer representation with rei^ct to is also a layer representation 
with respect to any E“ which contains E®. 


*E is said to be normed if to each element is associated a non-negative 

number //;//, the norm of r. of the following properties; ||r|| =0 oniy for the zero 
element Uxsll x: Ixj HgJI for any real number X; ||y 4- ^fl ^ IIjII + 11^1 1. For two 
elements g and ^ the distance is denned as the norm of the olfferenoe. Cf. [3], p. 53. 
Section 2 is closely related to §2 of paper [10]; all develi^anenta, however, are given 
in such a way that the present paper may be understood without knowledge of [10] and 
references to this paper are omy made for the proof of some epocial facts. For readers 
f a m i li a r with [10] I indicate some of the difierences between Section 2 of the present 
paper and § 2 of [10]: the use of boundari^ of convex sets instead of spheres, which 
was necessary in view of Section 3; the introduction of representations of the fonn 
(11), whereas in [10]— as well as in the fundamental paper [71— only representations 
vrith X(s) s 1 have been considered (this generalizatkm xnaSaes the use of central 
projection possible) ; the change in the definition ol homotopy (cl Definitions 4, 5, and 
Lemma 3 of the present paper.). 

"[ 5 ]. 


“According to a definition due to J. A. Clarkson [4], p. 404, a normed speoe is 
called strictly convex if, in case the elements S and are both different from the aero 
element, the equality sign in the ixiequality oi Footnote 9 holds then, and only then, 
when, for a suitable positive number c, s x= c^. 

“ Ihddently any normed linear vector space satisfies Conditions 1-3 of the introduc- 
tion if the closure Is defined in terms of the distance in the usual way. 

“Called '^transformation d4g4n4r4e” in [6], p. 141, attd ‘‘Schiditenabbildung’’ in 
[10], §1,7. 
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DanatmoNl. l^V he a convex InnmdtdtetiinE containing at leatt 
one interior point, S ite boundary, S (;) a layer representation defined on S, 
and ^ a point cj ^ ^ lying on S(S). Let £” be a linear eubapoce of E 
poeeeuing the foUottring properties: (a) S is a layer representation toitb 
respect to E‘; (b) E" contains at least one interior point of V; (c) con- 
tain Let V* be the intersection of V and £% and its boundary, 
is then the intersection of £° and S. The representation (x) defined 
by 8“ (j) = 8 (s) for 5 c S“'^ is then a continuous representation of in 
tbe space since 8 is a layer representation vjiih respect to £°. Ast^ does 
not lie on 8“ , tbe order u (8°, S®'*, ^o) of Oo voith respect to 8“ is 

well defined according to tbe definition given in the topology of n-dimen- 
sional spaces. It can he proved that this order u is the same for all linear 
subspaces £® having the properties Xa) , (b) , and (c) Therefore, it is 
legitimate to define the order u (8, S, of Qo untb respect to 8 (S) by the 
equation u (8, S, ^o) = u (8“, Qo) • 

DErmmoN 2. Let f (;) be a representation (1.1) defined on S with 
1 9e 1. Let t)o be a point not lying on f (5) and e its positive distance from 
f (5) . Let 8 (;) be a layer representation defined on S for which 

(2.2) ||f(s)-8(j:)|l<e (jcS) 

bolds^® so that Qo ie dxfferent from 8 (5) . It can be proved that the order 
u(8, S, 9o) given by Definition 1 is the same for all layer representations 
which satisfy (2.2) .*** By definition, we put u (f, S, Qo) = n (8, S, Qo) and 
call this number the order of Qo with respect to the image f (S) of S. 

DKFZMmoN 3. In order to define the order u (f, S, Qo) of a point not 
lying on f (5) for a general representation (1.1) , we put 

(2.3) f (s, t)o) = fo (S) = 5« + [f (S) -Do] = S + So (s) 

A 

where 

(2.4) 5,(X)=J,41_1) + 1§(S). 

TTie assumption that is not on f(S) implies that is riot on fo(S). 
Therefore, u (fo, S, ^o) is locll defined according to Definition 2. By defini^ 
tion, we put u (f, S, ijo) = u (fo, S, ^o) . 

Thkorem 1. The order u (f, S, ijo) , as defined in Definition 3, remains 
constant when tjo varies continuously without lying on f (S) . 

omit the proof since it is essentially the same as the one given in [10], |2, 
iOUMntz 2, in the amdal case that S is a sphere. (A qjihere of center^ o and r is 
di^ed as the set ^ all points $ for ^adiich ||s|| = r; the set of all points $ with ||s| | ^ r 
is called a **full*’ q^ere.) sr ^ 

the proof of the existence of such a layer representation, see [7], §1, 7, or^ 
[10], p. 5L 

”We omit the proot which is essentially the same as the one given in [10], §2, 
HilteatxA 
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Before proving this theorem 'we state the following two lemmas: 
L»MMa 1. For each t of the interval 0 ^ t ^ 1, let S(c, t) he a layer 
representation with respect to the linear suhspaee E^, tohich it supposed 
to he independent of t. i (s, t) is supposed to be contmuous in (s, t) and 
not to contain The order u (S, S, Qo) is then independent of t. 

We omit the proof, which is nearly the same as the one given in [10} 
(Hil&satz 3) in the q>ecial case of a sidiere. 

Lmnea 2. Let &hea layer representation defined on S, and tio a point 
not lying on S (S) . Denote by t the positive distance between ^ and & (S) . 

Then 

(2.5) tt (8, S, 9 ) = a (», S, 9o) for 1 1 0 — 5o| 1 < e. 

The proof follows immediately from the well known correq^ding 
property of the order in n-dimensional spaces if one considers an pos- 
sessing the properties (a), (b), (c) referred to in Definition 1, and, 
moreover, containing the point t) for which (2.5) is to be proved. 

Proof of Theorem 1. If Qo is a point not Ijdng on f (S) , e its distance 
from f (S) , and m, M the positive numbers of (1.1) , it will be sufficient to 
prove 

(2.6) u(f,S,l9o) = «(f,S,lE)i) 
for an arbitrary point Qi for which the inequality 

(2.7) ||9i-9o||<- — "7; ' - . [Mx = Max(M,l)] 

5Mi (1 -|- m) 

holds. On account of Definition 3, Equation (2.6) is equivalent to 

(2.8) tt (fo, S, t)o) = tt (fi, S, 90 
if 

(2.9) fo = 9o + Y(f-9o)=5 + 9o(l-Y) +-^0, 

fi = 9, + l(f-90=S + 9i(l-Y) S- 

To prove (2.8) , let 8o (s) and 8i ($) be two layer representations with^‘ 

(2.10) 1 1 fo (5) _ 8„ (5) 1 1< I If 1 (s) - Si (S) 1 1< 

5ifii 5iili 

We state that then 

(2.11) u (fo, 5, t)o) = tt (So, 5, 9o) , tt(fi, S, 9i)= tt(Si, S, 90. 

We have, m fact, from (2.10) , (2.9) , and the definition of e 

Ml 

so that the first eqiution (2.11) follows from Definition 2. As to the 
second equation (2.11) , we ^ve from (2.9) and (2.7) : 
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( 2 . 12 ) + 

m Di«i 

and, hy this, from (2.9) , (2.7) and (2.10) 

whidi proves the second equation (2.11) , again on account of Definition 2. 

For the proof of (2.8) , it will, on accotmt of (2.11) , be sufficient to 
prove 

(2.13) « (So, S, 9o) = « (Si, S, Qi) . 

We prove first 

(2.14) u (Si, 5, ^)i) = tt (Si, S, t)o) . 

Ibis equation follows from Lemma 2 since, because of (2.9), (2.12), 
(2.10), and (2.7) , the inequality 

||8i — tloll^llfo — 9o||— Ilfo — fill— llfi — 8ill 


> 


e 

mI 


e 

iiSr 


e 

smT 


>ll9i — Qoll 


holds. We now prove 

(2.15) u(S],iS, Qo)=n(So, S, tjo) • 

This equality follows from Lemma 1, for we have, because of (2.10) and 

( 2 . 12 ), 

HSq — Sil 1^1 |So — fol 1 + 1 |fo — fil 1 + 1 Ifi — Sill 

and, from this equation together with, (2.9 and (2.10) , the ineqtiality 
1 l{So + t(Si — So) } — l)ol 1 = 1 ISo — Ijoll — 1 ISi — Soil 

follows for 0 ^ t ^ 1. 

Since (2.13) follows from (2.14) and (2.15) , our theorem is proved. 
Oiur next aim is to prove the invariance of the order wiHi respect to 
a continuous change of the representation f. Before doing so we have to 
define the exact meaning of a “continuous change.” 

DsFDimoN 4. Let X (;, t) he a function and gf (i, t) a representation, 
both defined for 0 ^ t ^ 1 and for all sofa certain hounded subset A of B. 
We auppoee: 

(a) X and gf are continuous as /unctions of (s, t) ; 

(b) M ^ X g m > 0, where the conetanta m and M are independent of 
tandx. 
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(e) ^ Mt of all poiwte S(s,t) for sc A and 1 is ooif^wet. 

Vnitr ihea* conditions toe say, by definition, that ^ reprc a entetion 

( 2 . 16 ) f(S,t) = X(S,t)l + af(S.t) 

depends continuously on the parameter t. Moreover, if 

(2.17) fi(l) = li(s)s + gi(s). fa(t) = X*(5)S + S.(j) 

(0<mgX,<r)gM;i = l,2) 

are ttoo representations defined in A with continuous X|, and completely 
continuous t$i> toe say, by definition, that fi and fa can be continuously 
transformed into each other or that they are homotopic if there cadets a 
representation f (s, t) depending, in the sense just defined, continuously on 
the parameter t, for which f (s, 0) = fi (j ) and f (s, 1) = fa (s) . If, more- 
over, f (s, t) has no point in common with a certain subset E' of E for all t of 
the interval 0 ^ t ^ 1, toe say that fi and fa are homotopic in E — 

D g r iNmo w 5. We say that the representation (2.16) is uniformly 
continuous {with respect to t) if in Definition 4 tbe conditions (a) and (c) 
are replaced by the following: 

{&') For each t, X is continuous and completely continuous in depen- 
dence on ;. 

(c') As functions of t, X and 5 are continuous, and uniformly so with 
respect to s> that is, to any given posiUve number e there eansts a positive 
number 6 which is independent of y such that | It' — 1"| | < 8 implies 

IXCs.t') — X(s,t")|< e and ||5(s, O — SKs, t") ll< « 
for 0 ^ t ^ 1 and y c 

Lemma 3. A uniformly conUntLous representation (Definition 5) is 
continuous in the sense of Definition 4. 

For the proof, we refer to [9], p. 301, proof of Hilfssatz 2. 

Remark. Hie converse of Lemma 3 is not true. An example of a 
representation satisfying Definition 4, but not the condition (o') of 
Definition 5 is the following: let E be the Ehlbert space with co-ordinates 

no 

Xiy X 2 , . . . , A the sphere 2 ^3 = f (5» representation 

p -1 

cw 

given by the equations yi=xi -f- 2 ys=X 2 , yt=XB , . . . (O^t^l) 

p=sl 

Theorem 2. Let f = f (y, t) be a representation defined on the boun- 
dary S of the convex bounded set V and dependijig continuously on the 
parameter t for 0 ^ t ^ 1 (Definition 4) . Let Qo be a point difierent from 
f (y, t) for all y c S and all t. Then the order u (f, S, Qo) is independent of t. 
Before proving Theorem 2, we state the following: 

In the papers [7] and [10] the meaning of **continuous^ is, in the terminology of 
the present paper, ^*unifonnly continuous.’* 
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4. Let f(f, t) be a repreeentatkm (1.1), urithkmml, defined in 
a certain enbeet A of jc, and depending cowtinuoudy on t XDefinition 4) ; 
let the a positive constant. Then there exist a linear subset E*cE tohkk 
is independewt of tend a representation &(ji,t) = i ®(s,t) of the foUotg- 
ing properties: 

(a) 4 ic a layer representation witb respect to 

(b) 4 is contmmous in t) , 

(c) ||4(j,t)--f(i:,t)||< e. 

Proof. From Condition (c) in Definition 4 and the Heine-Borel 
theorem it follows that the set of points 3 (s, t) (s c A, 0 g t ^ 1) contains 
a finite number of points t)i, t)2, . . . , 9m su(^ that, for eadh ; and t, the 
inequality 


||3f(S,t)— 9a||< e 

holds for at least one a(l ^ a ^ m). Let us denote by £* the smallest 
linear subset of E containing the points 9], 92, . ■ • , 9m and put 


If then 




for 1 19 — 91 - 11^6 
for 1 19 — 91 -I I > 6. 


2 9vp»'[S(s,t)] 

2 i^ESCr.t)] 

p»l 

one sees easily that 4 (|^ t) = s + ® (s> i) has the properties (a) , (b) , (c) . 

Proof of Theorem 2. Since 9o is different from f ($, t) it is, on accoimt 
of the assumptions made concerning 1 and S (;, t) , easy to see that there 
exists a positive constant e' such that | |f (;, t) — 9o| | > s'. Hence the repre- 
sentation fo defined in (2, 3) satisfies the inequality 

I |fo(s, t) - 9o| 1= I If (j, t) -9o| I > 

X(s,t) M 

6^ 

and, if 6 = — , the hs^theses of Lemma 4. Now let 4 be a layer repre- 
M 

sentation of the properties described in Lemma 4. By Definition 2, we 
have tt (fo, S, 90) = u (4, S, 9o) . Hence, 

(2.18) tt (f , S, 9o) = tt (4, S, 9o) 

since, by Definition 3, tt(f, S, 90) = tt(fo, 18,90). According to Lemma 1, 
tt (4, S, 9o) is independent of t; hence l^eorem 2 follows from (2.18) . 

An immediate consequence of Theorem 2 is the following theoren^ 


“CJ. die proof gtven by Lmqr-SdiMidnr ([7], p. 91, second lemma) in due ease 
of a r e pros e n tadcp not containing a parameter. 
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whkb, In analogy to the it-»diinenslenal caae/* 'will be xefnved td aa the 
theorem of Poincar4>Bahl: 

Tmiceirai 3 (Iheorem of Poinoar^Bohl) . Let f(s) and g({) be two 
repreaentotione ^fined on the boundary S of a convex hounded eet 
and having the tame properties as the representation (1.1) . Let ^ be a 
point which, for each zcS, is not on the segment^ connecting the points 
f(s) andg(z). Then u(f,S,^o) = u(g,S,i)o). 

For the proof, we have simply to apply Theorem 2 with 

f(S,t) = (l-t)f(s) + tfl(s) (OStgl). 

As is seen from the feet that 

||(l-t)f + ta-tK,|| = llf-t)o + t(8-f)il^||f-^o||-||fl-f|| 
which holds for 0 ^ t ^ 1, the following theorem is a I 9 >ecial case of 
Theorem 3: 

Thbobem 4 (Theorem of Rouch4) . Jf for the two representations f and 
g having the same properties as the representation (1.1) the inequality 

Ilf-g|I<!lf-t»o|| 

holds, then u (f, S, t)o) = u (g, S, ^o) 

Since u(;, S, Qo) = 1, the sutetitution of z for f (;) in Theorem 4 im- 
mediatdy gives xis 

Thborsm 5. If, for all z^S, the norm of the displacement g — S is less 
than the distance between Qo and z, then u (g, S, Qo) = !• 

Theorems. Lctf(x) = l(s)s4-3(j) (0 <m^l(z)^M) hedefined 
in all points z of the convex bounded set V (not only on its boundary S ) . 
As usual, 1 is supposed to be continuous, and Of completely continuous. 
Let tfabea point which is not image of a point of V. Then u (f, S, Qo) = b- 

Proof. The theorem is true in case X h 1*' and, dierefore, for the 
representation (2.3) occrirring in Definition 3. Since the assumption that 
t)o is, for every ; c V, different from f ($) implies that go is different from 
fo (;) also, we have u (fo, S, t)o) = 0. According to Definition 3 our theorem 
is proved. 

Theorem 7. Let f (s) = X(s)i+ 3(s) be a representation (1.1) de- 
fined on the boundary S of V, and t)o a point not lying on f(S ) . If there 
exists a ray h** issuing from Qo and not intersecting f (5) , then u (f4>>Qo) =0. 

Proof, On account of Definition 3, it will be sufficient to prove the 
theorem for the representation fo (i;) defined in (2.3) . Since t)o is different 

** See, for instance, [2], p 459 

“See Footnote 4. 

** We recall the convention of fee introduction feat V contains an interior point 

** For fee iv-dintenaianal case, see [2], p. 459. 

** Cf. [10], 12, Satz 3, where this fact is proved in ease 5 is a where. 

“ A ray h issuing from >nd containing fee pdnt i> fee set of all points 
ih + 1(^ — Oo) for 0 gt < 00. Hie “opposite'* ray is tlw set w all pdnts ^ — t(lh — 
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ftOox fo(5), tiiaFe existe a full sphere Vo nvifh center yo haying no point in 
oosninon vriiSi fo(S). We will now define a representatim fo(x) for all 
prints s of V which on 5 is identical with the given representation fo (;) . 
For this puipoae, let Si be an arbitrary but fixed interior point of V. By 
definition, we put fo(li) = where is an arbitrarily determined point 
in the interior of Vo, dfiferent frmn and on the ray opposite to h.** If % 
is a point of V which is different from tu let ; be the intersechon of S and 
of the ray issuing fr^ and containing %. If, then, t is givm by the 
eqtiationi = yi-f t(s — Si), we define fo(s)= 4- *[fo(s)'-- 9i]“ From 
this definition it is easy to see that t)o is not an image of a point of V, since 
the ray Issuing from and CKmtaining Qo has no intersection with fo (S) . 
Hence, Iheorem 7 follows from Theorem 6. 

An immediate consequence cd Iheorem 1 and Theorem 6 is 

Thbobkm 8. Let f be a representation satisfying the assumptiona of 
Theorem 6. If u (f, S, Qo) is defined and different from zero, then there 
exists a neighborhood of Qo consieting entirely of points which are images 
of points of V. 

A consequence of Theorem 8 and Theorem S is 

Theobsm 9 (Displacement Theorem). Let V,5, f Tiave the same 
meaning as in Theorem 8 and ^ be an interior point of V. If the norm of the 
displacement f (s) — £ i* less than the distance between t)o and x, that is, if 
I If (s) — y| I < I jtto — si l> then there exists a neighborhood of consisting 
entirely of image points. 

Trxorxm 10 (Fixpoint theorem).** Let Sf(s) be a completely con- 
tinuous representation defined in the convex bounded set V.*^ If the image 
(5) of the boundary S of V lies in V, then there exists at least one fix- 
point in V. 

Proof. Let us assume that there k no fixpoint on S, and, under this 
assumption, prove the existence of a fixpoint in the interior of V, that is, 
the existence of an interior solution of the equation s = 2f (s) > or, what is 
the same, of the equation 

(2'19) J? + ^0 — 5 (s) = tio 

in which t)o is an arbitrary but fixed interior point of V. Since u (s, S, t)o) 
= 1, it follows from Theorem 8 that for the proof of (2.19) it will be 
sufficient to show that, with 0(s) = X + iJo — S(s)i 

(2.20) tt(fl,S,5o)=tt(s,S,^o). 

-Stooe f. (5) = 5 + [ ( 1 - *) (D. -&) +t^ <5 ) 1 nbue Wo(S) = 8f. (S) for 

4* & and = 0 for s be dear that fo ia a representation (11) when It is 

proved ihat t and tgfo(p depend continiioua^ on s* Uls continuity Is obvious fo^ 
$ Si. For s 4* Sx» see the pmd of Lemma 9, Seotkm 4 

** For literature oonoerning fixpoiiit fheorans in functioa spaces 
[10], Footnote U 


see, for Instanee, 
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A« UiseeniMMii the theorem of Poincttr^-Boiil (IheoremS), (2^) tvl&he 
proved if we can diow diat the equation 

(221) s4-*[^ — 0r(s)] = 9o 

has for no t of the interval 0 ^ t ^ 1 a solution x which lies <m S. 

Since Qo is an interior point c£ V, this is obvious for t = 0, and since, 
assumption, (2.19) has no solution on S, it is also obvioiis f(»r t == 1. Let 
us now assume that for a certain t-value of the open interval 0 < t < 1 
(221) has a solution £ c 5. Since, then, 

S(s) = l9o + ^^ (SCS) 

the image (|) of i would be in the exterior of V, which is in contradiction 
with the hypothesis of our theorem that S ( 5 ) c V for y c S. 

3. GENERAL SPACES 

In this section, we denote by £ a space having the properties 1, 2, and 3 
stated at the beginning of the introduction. The aim of the present section 
is to extend the notion of the order and the main theorems proved in 
Section 1 to such a space £. 

According to a theorem proved by Kolmogoroif,*^ it is possible to 
introduce in £ a norm | |y| | in such a manner that a point o c £ belongs 
then and only then to the closiire A of the set A c £ if for each positive 
number e the full sphere | |y — q| e contains a point of A.^^ For the sake 
of brevity, we will call such a norm a consistent norm. 

Now let V be a convex bounded set in £ containing at least one in- 
terior point and S its boundary. Let f (y) be a representation (1.1) with 
X s 1 defined on £. Let | |y| | be a consistent norm introduced in £. Using 
this norm, we can, according to Section 1, define the order u (f, £, for 
any point Oo c £ not l 3 dng on f (S) . Then the following lemma holds: 

Lemma 5. The order u(f, S, t)o) is the same for all consistent norms. 
This lemma, the proof of which will be given afterwards, justifies the 
following: 

Definition 6. Let f (y) he a representation (1.1) vrith X k 1 defined 
on the boundary S of the convex hounded set V cE which contains at least 
one interior point. The order u (f, S, Qo) of the point t)o 'not lying on f (S) 
with respect to f (S) is, by definition, equal to the order obtained by norm- 
ing £ with a consistent norm. For a general representation (1.1) the order 
is then given by Definition 3. 

An immediate consequence of this definition and Lemma 5 is 


** In other words, the topological correspondence ^ven by defining | |y as fiie 
distance bet w e e n y and ^ Is the same as the original correnKmdenoe between A and A 
(see, for insUuAce, [2]| p. 28). 
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IteKMOBU 11. The falUHoiHtf Hkeorems of Section 1 hold for any space 
E setufying Conditiont 1, 2, and 3 of the introduction: Thd6renis 1, 2, 3, 6, 
7, 8, and 10. 

Proof of Lemma 5. Forany point jcE, we denote l}y ||;||i (i = l,2) 
two consistent nonns of and by V'l’’ a point set \duch is, with respect to 
the ootreqmnding norm, a full s^ere with center Since does not lie 
on f (5), there exists a positive number Si such that the V’t*’ 'with radius Ci 
contains no point of f (5) . Since | Isl |i and 1 1;| I2 are both consistent norms, 
the systems of nei^borhoods formed by the full sfdieres 'with respect to 
the two norms are tc^logically equivalent.** Hence, there exists a Vs’’* 
with radius £2 > 0 such that 

(3.1) V2'>«cVi'»» 

Now let S be a layer representation for which 

(3.2) ||f(s)-«(s)n*<6.. 

We state that (3.2) implies 

(3.3) ||f(s)-8(s)IU<e,. 

To show this, we remark that (3.2) and (3.3) are equivalent with 

(3.2a) S(j)cV2'> 

and 

(3.3a) «(s)cVx» 

respectively, if Q = f (;) and Ei is the radius of Vi**. But since the transla- 
tion s' = 3f -|- t) — Ipo transforms Vi*** into Vi** (i = l, 2), (3.1) implies 
Vt'f c Vi**. Hence, (3.3a) is indeed a consequence of (3.2a) . 

Let us now denote by E, the space E if normed with the norm | ls| |i 
and by Ui the order in the normed ^ace E,. With these notations, it follows 
from (3.2, (3.3) , and Definition 2 in Section 2 that 

(3.4) tti (f , S, ^0) = «i (8, S, t)o) , tt2 (f, S, t)o) = U2 (8, S, ^0) . 

We now consider an n-dimensional linear subspace E" of E which satisfies 
the conditions (a), (b), and (c) of Definition 1, Section 2. With the 
notati(His used in this definition, it is a well known fact in the topology of 
n-dimensional ^ces that the order tt(8'‘,S''~^, Qo) of 190 'with reflect to 
the image 8° (S“~^) (whidi is in £*) is the same whether we consider E° as 
normed by the norm | ls| |i or by the norm | li| I2. Therefore, it follows fitom 
Definition 1 that 

tti (8, S, l)o) = tt (8“, S“'*, ^0) , ti2 ( 8 , S, Ijo) = tt ( 8 ", ^) . 

Hence, on account of (3.4) : Ui (f, S, Ijo) = Ua (f, S, t)o) . 


*Sm, for tautance, [2], p. 31 ("HansdotfCidMS Gfeidiwertt^critskrltertum*’). 
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4 SnaCILY CONVXX aPACBS 

According to the theorem of Kohnogoroff mentioned In Section V* H 
is posidUe to introduce in £ a cxnudstmt norm. Now we make the aswnnp- 
ticn that it is possible to introduce such a consistent norm that the space £ 
after being normed is strictly convex.*^ In the presmt section we will 
always assume that such a norm has been introduced, and the normed 
^ce will again be denoted £. 

Using our usual notations, let V be a convex bounded set containing 
at least one interior point, 5 its boundary, and 

(4.1) fi(s) = l.i(s)j + i5i(x), fa(s) = X2(s)x4-3fs(s) 
two r^resentations (1.1) deiined on S. We then prove 

Tbxobxm 12. Let Qo be a point lying on neither fi (S) nor fs (S) . The 
necetaary and sufUcient condition that fi and fs he homotopic in £ — to** is 
that 

(4.2) u (fi, S, to) = 1* (fa, S, to) 

As a preparation for the proof of Theorem 12, we prove the following 
lemmas. 

LEania 6. Let £° be an n-dimensional linear subset of £. To each 
%oE corresponds one and only one $ c £" anch that for all pointa 
the inequality 

(4.3) lls-i||^||l-y.|| 

bolds.*® 

Proof, Prom the inequalities | | |s — Xn'l |— i |s — Sn"| | I ^ I ISn' — Sd"I I 
and IlSn — x|| ^ lIXoll— llsll it follows imme^tely that ||s — Sn|| isacon- 

tinuous function of and that Im | |s — |= oo. Hence, ||s — Xnl | 

Iteall— >00 ^ 

has a minimum, that is, there exists at least one point = for which 
^4.3) holds. It remains to be proved that there exists only one such point 
y. This is obvious if since then, obviously, 7= 1 ^* Let us now assume 
that y is not in If then y is a point satisfying (4.3) , and the n-f 1- 
dimensional subspace of E which contains E^ and y, we construct in E^*^ 
the sphere 5“ with center y and radius | [y — y| |. On accoimt of (4.3) , E® 
is then a plane of support of S°. But since is strictly convex, S® 

**See Footnote 27. 

According to a theorem of Clarkson [4]. this assuidiition is, for instance, fulfilled 
for any separable Banach q;>aoe. For the definmn of a strictly convex qpaoe, see Foot- 
note 11. 

Definition 4, Section 2. 

"The following exaiople shows that Latmaa 6 is not true in a igmoe whidi is not 
strictly convex: lit F be a two-dimeni|oiiil Euclidean plane with rectangular co- 
ordinates X, y and let |x| +|y| be the norm of the point of co-ordinates (x, y), Iiet 
F”=;jEr be ^ strai^t line x + y-*ies^ s^ y the point x=:0, y = 0. The in- 
equality (43) is then satisfied for aS poiiitc y of F' for which both co-ordinates are 
non-negative. * 
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hm, aeocurding to a Iboinem of MinlEowsld,** exactly one point In oonmion 
‘widi any lupprarting plane. For the stqiporting plane |^>^his point is i 
tiierefore, is tmiquely detexinlned. 
r<einina 6 justifies file follotving: 

DurtNITiON 7. The point % uniquely defined by the imetpudity (4.3) is 
colled the projection of s on E“. d(s)=||]; — i'll is called the distance 
between x and £°. 

Lbmma 7. The distance d(x) between x and its projection x on E" is 
continuous. _ 

Proof. Let s, to be two points of E, and ^ io their projections on £*. 
We get from (4.3) with Xn = Xo 

d(t)^lls — Soll^lll — Soll+IISo — So|l=||s — So|l+d(t»). 

Since tiie inequality obtained from &e preceding one interchanging t 
and to also holds, we have d(to)— ||l,— So||^d(t)^d(to)+ll* — Soil, 
whi^ proves the continuity of_d (t) . 

IiOMMa 8. The projection x of x on E“ depends continuously on t. 
Proof. Let ti> to, ... be a sequence with lim tr = S> let tv be the 

projections of tv on B“, d=||t — sll> and dv=||tv — Sv||. It is to be 
proved that 

(4.4) ^tr=^ 

Since, on account of Lemma 7, lim dv = d, it follows from the inequalities 

F^OO 

IISv — tll^llSv — tv||+IISv — tll+lls — Sll=dv+||tv — tll+d 
that the set of all tv is a bounded subset of B". Therefore, the set tv is com- 
pact and for the proof of (4.4)_it is sufficient to tiiow that (4^) holds for 
any subsequence nr for which tn converges. If then t' = lim ta. , we have 

lls-s'||g||s-s«J|4-ilsn,-fo,||+l|s»,-s'l|. 

Since the first and last terms converge to zero, and, on accoimt of Lemma 
7, the second term tod, it follows ||t — S'll^ d vdii^ inequality, according 
to the definition of t and io T.emfna 6, implies t' = ti as we wished to prove. 

We turn now to the proof of Theorem 12. In view of- Theorem 2, Sec- 
tion 2, only the sufficiency of (4J2) has to be proved. If we put 

f . (I) = ^ + [f* («) 0 = 1, 2) 

(s) 

we see from Definition 3, Section 2, and tiie hypothesis (4.2) that 

(4.5) tt(fi,S,^o) = «(f 2 ,S,^o). 

Putting 

L(s,t)=l + ttX,(s)-l] (i = 1.2, Ogt^l) 


“Bl.PP.a8,8B. 
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i^e sees «aiily that fi and f i axe htnnotople in ijo as axe lUceedae ft and 

It is thexefoxe sufiSdent to pxove that Ji aadfs axe homotopie in £ 

Now let El be the distance between ijo and ft (5) , and e a positive maxi" 

ber smallex than % and ^ . If then 6i ($) — ; + (x) Tvpr^ 

m M 

sentations with ||fi(s) — 8i(s)||< e, we have, on account of (4.5) and 
Definition 2, 

(4.6) tt (§1, S, 5o) = tt (8a, S, ^o) 

Putting 

fl (S, t) = (1 — t)fl (s) + t8i (y) , 

one sees easily that fi and 8i axe homotopic in £— Oo, and likewise fa and 83. 

It xemains to be proved that 81 and 8a axe homotopic in £ — 9o. To 
show this, let £" be a linear subspace of £ having the properties (a) , (b) , 
and (c) given in Definition 1 (Section 2) 'with respect to 81 as well as to 8a. 
Let denote the intersection of £ and £°, and 81° (y) r=y-f @1° (y) =:8i (y) 
for y c (i = 1, 2) . We have then from Definition 1 in connection 
'With (4.6) 

u (8i“, S, 9o) = tt (82", S, t(o) . 

Now, it is well known from the topology of n-dimenaoiud spaces that this 
equality is sufficient (and necessary) for the homotopy of 81° and 82*' in 
£“ — ^0.** Therefore, there exists a representation 8“ (y, t) = y + @“ (S, t) 
defined for y c and for 0 ^ t ^ 1, continuous in (y, t) , such that 

(4.7) 8»(5,0) = 8x“(y), 8»(J,1) = «2"(S), B»(S,t)+^o. 

We now define a representation for all y c £" whidi for y c is 
identical 'with 8° (y, t) and denote this extended r^resentation again by 
8“ (y, t) = y + ©" (y, t) Let then y be a point on S, y its projection on 5^ 
(Definition 7) , end § (y, t) = y ® (]^> t) the representation defined on S 
and given by 

(4.8) @ (y, t) = (?, t) + (y) - (F, 0) 

+ 1 { [®2 (5) - (S, 1) ] - [@i (S) - (y, 0) ] } 

In order to prove the homotopy of 81 and 82 in £ — ^0, 'we 'will show 
that 8 (y, t) possesses the properties required in Definition 4, Section 2. 
First 'we have, clearly, 8 (y, 0) = Si (y) and 8 (y, 1) = 83 (y) . Moreover, it 

"See, for instance, [2], p. 511, Satz 1', in connectiMi with p. 452, Section 5. 

"Such a representatioii may, for hutanoe, be obtained in the following manner: 
let V* be the intetaection of V E* so that is the boundary of V*. Let y* be an 
arUtrazy but fixed intoimr jxdat of V*. Qy definMon we put S*(yi,t) = For any 
other pWt y cE let y be the uniquely determined (cf. Footnote Mjjnterseetiaa of 
S"* with the nqr issuing firom yo and oosttaining y. If then y s y« + r(y — ya), we put 
8-(y,t)=Jj. + r[S«(F*)-W- 
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ia hWBwdiatebr seen from (4J) and L e mm a 8 diat <S is continuous. 
^Hirihainore, flie set of all points 0 ({, t) (s c 5, 0 ^ 1) is compact 

idnoe this set is a bounded set of E".” finally, for { c S, 9o is different from 
i(f, t). fact, sinoe ijo and ®(s, t) are both points of is obvious 

f(» a point t wUdi does not lie in E‘. But if ]; c then { = ? and, accord- 
ing to (4.7) and (4.8) , 8 (s, t) =8" (t, t ) ; but 8" (s, t) is [cf. (4.7) ] different 
from 1^ since t c 

We turn now to the notion of the degree y (f, 5) of a represei^tation 
(1.1) which is defined on the boundary 5 of a convex botthded set V c £ 
and for wfaidi the image f (5) lies on the boimdary Si of a convex bounded 
set Vi c E; eadi of the sets V and Vi is supposed to contain at least one in- 
terior point The order u (f, <S, Qo) is, according to Theorem 1, Section 2, 
the same for all interior points of *Fi. This justifies the fdlowing 
DErmmON 8. The degree y (f, S) is defined hy Ike equatUm 
Y(f,S)=tt(f,S,5o) 
where *» arbitrary interior point of Vi.“ 

Thbobkic 13. If Si contains a point 191 which is not an imape point 
under the representation (1.1) mapping S on St, that is, for which 
f (s)+ ^iforaUfcS, then y (f, S) = 0. 

The proof follows immediately from Theorem 7, Section 2, if one 
takes as the ray h of this theorem the ray issuing from Qo (Definition 8) 
and containing the point of Theorem 13.** 

Let fi and fs be two representations (1.1) mapping S on Si. If there 
exists a represmitation f(;, t) satisfying the conditions of Definition 4, 
Section 2, and for vhich, moreover, f (;, t) c 5i for $ c S and for 0 ^ t ^ 1, 
we say that fi and fa are homotopic in Si. With these notations, we prove 
TRaoREM 14. The equality 
(4.9) Y(fi,S)=Y(f2.S) 

is a neccessary and sufficient condition for the homotopy in Si of fi and fa.** 
Before proving Theorem 14 we state the following 
Limma 9. Let Qo be an interior point ojFthe convex bounded set Vi c E. 
For any point qcE different from qo let q be the uniquely determined** 


"niat ®(5,t) CS* follows from (4g) and from the fact that 81 (S,t) and >«(£•<) 
am lajwr rqu roa entattoiB wi& nq^ect to K*. That the set of aU @(s, t) la bounded is a 
oonseqaenoe of (4g) and ttie fact that the set of all projeotiona s d the bounded set S 

ts bounded, as is easily seen from the ine<iuality |J5 — &II S ifis — Sll + lls — S*ll ^ 
2||s — s«|| where is die ixdnt defined in die praoeding niotnote. 

"DdSnidon 8 is in agreement with the notations used in the tqjtplogy of n- 
dimensioiial qiaoes. 

''For a proof that a ray issuing from an interior point k ot'Vi intersacte the 
boundary & of Fi in exaow one point aee the proof given in [8], p. 880, for the 
n-dlmensioaal case; this proc^ however, is, wthout any diange, valid also in die case o^ 
the owes F. 

'hi the case diot X Isdie BUbert ipaoe and S Id ent i c a l widi & this diaoram has 
been proved in [9]. 
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iiUer$9etion of ike toy issuing from t)o tend containing Q and of the boun- 
dary Si of Vi. Then t) depends continuously on 

Proof of Lemma 9. For g c £, let t{i) be the real function defined by 

(4.10) t(8) = — Jlii (S + o). 

II (9o + 9) — 9o|| 

We have then 

(4.11) 9 = t)o + r (^ — t)o) . 

t(^-^o) 

In order to prove that 9 is continuous in dependence on 19 for Q it will 
be sufficient to prove that t (t) — Qo) is continuous as fimctian of 9 dnce, 
according to (4.10), 

(4.12) t(t) — t)o)>0 for + ^0. 

To prove this continuity of t it will evidently be sufficient to larove that for 
any two points t)i 4* Os different from Qo the inequality 

(4.13) t (ij2 — Oo) ^ t (92 — Oi) 4" t (0i — Oo) 
holds since then, on account of (4.10) , 

|t (O2 -Oo) - 1 (Oi - Oo) 1^ t (192 - OO ^ 

e 

where e is so small that the full sphere with center ijo and radius s lies in 
the interior of Vi. 

To prove (4.13) we first note that for any positive real number a 

(4.14) t[a (t) — ^0) ] = at — ^0) 

since, obviously, [0o4-(0 — Oo)] = [90 + 0(19 — 00)] = ^ 

Let us now assume that (4.13) does not hold for a certain pair <d 
points 9i + 92 different from 90.*^ This assumption would imply the 
existence of a number t for which 


(4.15) t (92 — 9o) > T > t (92 — 9i) + t (9i — 9o) . 

We consider then the points Os, 94, 9ir, and 9e defined by 

Os = 9o H (9i — th») 94 = Os 4 (92 — 9i) 

T T 


where 


Os = 9o 


(Os — ^0) 
1 — 


96 = 9o 


^4 — 9s 


t(94 — bs) 

t (t)s — 9o) + 1 (t)4 — 9s) 


^ Lemma 9 liolds in any qpace E as defined in Section 1. 

^ Hie ensuing part of the proof tolloira Mlnkowidd [8], pp. 12, 18, and is reproduced 
for the convenience 1>f the reader 
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From tiiese definitions in connection with (4.15) , (4.14) , and (4.12) it 
foUowB easily that 

t (98 — ^) = “ t(^i — ^) < 1, t(94 — 9o) = — t(9a — 9o) > 1, 

T T 

t(98 — 9o) = t(^ — 5o) = t(9* — 9o) + 1(94 — 98) 

= — [t (9i — 9o) (92 — 9i) ] < 1* 

T 


Since evidently t (^ — 9o) < 1 for an interior and > 1 for an exterior 
point these ineqvialities imply 

(4.16) 95CVi,5«cFi,94^Vi. 


Since Vi is convex, (4.16) is in contradiction with the hict that 
94 = (1 — 0)95 + 096 and 0 < 0 < 1. Thus (4.13) and, therefore. Lemma 
9 are proved. 

Proof of Theorem 14. Ihe necessity of the condition (4.8) is dear 
from Iheorem 2, Section 2. To prove that (4.8) is also su£Bcient, let 9o be 
an arbitrary but fixed interior point of Vi. According to Definition 8, and 
nieorem 12, fi and f2 are then homotopic in £ — Qq. Hence, there exists a 
r^resratation f (;, t) defined on 5 for 0 ^ t ^ 1 whidi is different from 9o 
and satisfies the conditions of Definition 4, Section 2. If then 9 denotes the 
intersection of Si with the ray issuing from t)o and containing the point 
^ = f (;, t) , it is, on account of Lemma 9, easy to see that 


0 (r»t) 


119-9611 

llf(s,t) — 9o|| 


[f(f.t) — 9o] 


is a representation (1.1) satisfying the conditions of Definition 4, Section 2, 
for which, moreover, q (y, t) is always a point of Si. 
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Bacterial metabolism, 365 
Bacteriophage specificity for colif cantn and 
related bacteria, 88 

Bat, Georgian, occurrence in Iowa, 239 
Bat, Say, occurrence in Iowa, 240 
Beetles, tiger, in Iowa, 201 
Biological assay of feeding stufiEs in a 
basal ration for coccidium-growth-pro- 
rnoting substance. UL Dried fish meal, 
alfalfa meal, white wheat flour, 243 
Birds, spring migrations of, throng Clay 
and Palo Alto Counties, Iowa, 187 


Blue-winged teal, ecology and manage- 
ment of, 44 

Boundary value problems, asynmtotic 
solution of, 369 

Colophya otcerU n. sp,, description o^ 182. 
Carlron dioxide, in admixture with fumi- 
gants, 73 

Cattle, dairy, effect of environment on, 
250 

Characteristic features of the microbi- 
ology of the Webster and Tama silt 
loams, 104 

Characterization and differentiation of 
the ^'intermediates** of the cokm- 
aerogenes group of bacteria, 86 
Chracterization of some products of 
starch-enzyme digestion, 81 
Cheddar cheese, flavor of aged, 153 
Cheese, cheddar, studies of fat of, 149 
Cholesterol, dehydration of, 115 
Cholesterol, treatment of, with zinc dust, 
331 

a-Cholesterilene, preparation of, 118, 123 
Cholesterilene, c^ect of heat on, 332 
Cholesterilene, preparaticm of, by copper 
sulfate method 330 
Cholesterilene, study of, 329 
Cicindelidae of Iowa (Colepptera), The 
201 

Cicindela, species of, in Iowa, 203 
Cicindela aplendida var. cyanocephalata 
XL var, description of, and occurrence 
in Iowa, 211 
Coagulation of milk, 95 
Cocarboxylase, occurrence of, in bacterial 
cell extracts. 111 

Coccidium-growth-promoting substance, 
243 

Coleopter, study of group of, in Iowa, 
201 

Coli-aerogenes bacteria, fermentation of 
glycerol hy, 275 

Coliform, bacteriophage specificity for, 
88 

Colon-aerogenes, "intermediates** of, 86 
Color changes in dyes, significance of, in 
detection of microbial action on fmis, 

m 

Comparison of spring migration of some 
birds through Clay and Palo Alto 
Counties, Iowa, A, 187 
Copper sulfate, preparation of cholesteri- 
lene by method using, 330 
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Com it o Ura, decomposition and gas pro- 
duction of, under anaerobic conditi<mB| 

m 

Coristis laterals, gross anatomy of, 60 
Crawfishes of Mississippi, with special 
refermce to the biology and control of 
destructive gpedes, Ihe, 75 
Critical study of the prechdon and value 
of halogen addition reactions applied 
to dairy research, 47 

Dairy researdi, halogen addition reac- 
tions applied to, 47 

Deccsnposition and gas production of 
cornstalks under anaerobic conditions 
at 28^ to 30** C, 161 
Dehydration of cholesterol. The, 115 
Dextrose, time oi solution of, factors af- 
fecting, 50 

DibenzolUran, derivatives of, 57 
Diet, lower cost, for hatchery trout, 27 
Distribution of symmetric quadratic 
forms in normal and independent vari- 
ables, The, 231 

Dolichopsyllidae, <fainily) species of, col- 
lected in Mexico, 336 
Ducks, migration o^, in Iowa, 189 
Dyes, color changes, for ^tection of 
microbial action on fat, 313 

BScdogy and management of Blue-winged 
teal (Querzuedula discora Linnaeus), 
44 

Bfiect of plant growth-promoting sub- 
stances on vitamin, content and repro- 
duction of lemna, ^ 

Effect of concentration of mannitol upon 
the production of leviilose by the action 
of Acetohaeter auboxydana, The, 279 
Effect of the ingestion of irradiated yeast, 
molds, and ergosterols on the anti- 
rachitic potency of ewe’s milk, The, 235 
Effect of treated fats on Vitamin A po- 
tency, The, 353 

Egret, American, migration of in Iowa, 
199 

Electrometric determination of the solu- 
bility of some hydroxides, 37 
Equipment for radiography with soft 
x-rays, 283 

Ergosterols, irradiated, effect of, on milk, 
238 

Evaporation, method of recording, from 
atmometer cup, 17 

Evergreen seedlings, fertilizers for, 293 


Factors, affecting the milk production of 
Simmenthaler grade cows under the 
penkeeping system, 249 
Factors influencing the occurrence of 
Azotobacter in Iowa soils, 84 
Fats, action of micro-organisms on, 313 
Fat globules, color changes in, 327 
Fat, studies on, of Cheddar dbeese, 149 
Fats, heated and unheated, effect of, on 
vitamin A activity of butter fat, 355 
Fats, treated, effect of, on vitmnin A 
potency, 853 

Fatty acid derivatives, high molecular 
weight, 135 

Fatty acids, distribution of, in butter fat, 
153 

Fatty acids, power of, in extracting dyes 
from aqueous solution, 327 
Fertilizers, experiments with, for ever- 
green seedlings, 293 
Fish meal, dried, assay of, 243 
Flour, white wl^at, assay of, 245 
Formation of vitaxnins A,' ]^, and C in 
lemna grown in the absence of organic 
matter. The, 9 

Foxella mexicantt, n. sp., from Mexico, 337 
Function of vitamin Bi in anaerobic bac- 
terial metabolism, 107 
Furan types, sulfur analogs of, 70 

Gas, production of, by cornstalks, 161 
Gas-type x-ray tube. A, 269 
Glow discharge, 21, 52 
Glucose, dissimilation of, by Aerohacter 
indologenea, 157 
Glycerol, fermentation of, 275 
Gross anatomy of Corizva lateralia (Say) 
(Hemiptera, Corizidae), 60 

Halogen, addition reactions, 47 
Heat, effect of, on diolesterilene, 332 
Hectopsyllidae, (family) species of, found 
in Mexico, 3^ 

Hemiptera, Miridae, four new species 
from the United States, 129 
Hemiptera, new species from North 
America, 1 

Hi^ frequency glow discharge with in- 
ternal electrodes, 52 

High frequency glovt discharge in hydro- 
gen excited thxou^ internal electrodes, 
The, 21 ^ 

High molecular weUdi^t fatty acid deriva- 
tives. I. Characterization of adds, 135 
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Hbn^y, plisrsical^chcniical proptrUei ai^ 
100 

]^f*dro0Bii, glow difchaz^e in, excifted 
throoi^ internal electrodas, 21 
Sydrolsrals of tet, 827 
^jrdro^rali, of £ai in eheddar dime, 154 
H^drojddea, solubility of, 87 

Iowa, first report of Typha emgu&HfdUa in, 
848 

Iowa, mammals from, 289 
Iowa, spring migratiotis of birds in, 
fiixou^ Clay and Palo Alto Counties, 
187 

Isbhnopayllidae, (family), qiedes of, col- 
lected in Mexico^ 888 

Lactobacillus, cultures of, that coagulate 
milk, 95 

LactoibacUlut mmrUtopoea, catalytic ef- 
fects of vitamin Bi for, 107 
L. monnitopoeus, oxidation of pyruvic 
acid by, 305 

Laurie, acid derivatives useful for diar- 
acterization of, 144 

Lemna, growth of, in absence of organic 
matto, and formation of vitamins, 11 
Lemna, reproduction of, and vitamin con- 
tait, 63 

Linear tppdogical spaces, 373 
Lipolytic bactexia, 313 
Loams, silt, microbiology of, 104 
Lower cost diets for hatchery trout, 27 

Molareuf ferdania, n. sp^ from Mexico, 
337 

Mammals, Collection of, from Iowa in 
1938, 239 

Mannitol, effect of concentration of, upon 
production of levulose by action of 
Aecetohacier tuboxydang, 279 
Margarine, treated, effect of, on vitamin 
A potency, 353 
Meal, altalfa, assay of, 244 
Meal, dried fidi, assay of, 243 
MetaboUam, anaerobic bacterial, vitamin 
Biin,107 

Metabolism, bacterial thiamin effects in, 
805 

Bletalation of cyclic compounds, 41 
Method for recording evaporatim frmn a 
porous atmometer cup, A, 17 
Mkhylene blue, action ^ on fate, 823 
Microbiology, features a( in Webster and 
Tama silt loams, 104 
Micro-organisms, action oi, on fate, 313 


MlBc, coagulation oi, by LactobadSi, 95 
Milk, ewe’s, vitamin D content o^ 238 
MUk, production of, factors affecting, 250 
Milk, production of, of Stmmenfbaler 
grade cows, 249 

MIridae, new spades teom Nmrth Amer- 
ica, 1 

Molds, irradiated, effect of, on milk, 238 
MugUla fronata pAmviina Jackson 
(Missouri weasel), from Iowa, 240 
M. rixoga subsp. (Least weasel), from 
Iowa, 239 

Myotig gubulatug gublutatug (Say) (Say 
bat), distribution of; 240 
Myridic, add, derivatives useful for 
characterization of, 144. ^ 

New spedes and records of Siphonaptera 
from Mexico, 335 

New spedes of Payllidae from western 
United States, 181 

Nile blue sulphate, action of, on fats, 314 
Nile blue sulphate, oxidation of aqueous 
solution of, 317 

Nile blue sulphate, pH range of, 310 
Nitrogen, absorption of, in evergreen 
seedling 304 

Notes on Typha angugtifolia L. in Iowa, 
341 

Noteworthy additions to the collection of 
mammals from Iowa in 1988, 289 

Oazone, fat soluble, oxidation of, 318 
Occurrence of acrolein as an intermediate 
during the fermentation of glycerol by 
the coli-aerogenes bacteria, 275 
Oil, cocoanut, treated, effect of on vitamin 
A potency, 353 

Organic matter, effect of, on vitamin con- 
tent of grain, 9 

Oxidation, of pyruvic add, by propioni- 
bacterium, 305 

Palmitic, add, derivatives useful for 
characterization of, 144 
Passage-time of various types of normal 
and poisoned foods throu^ the ali- 
mentary tract of the cockroadi, Psri-^ 
planeta americana Linn., 93 
Pdican, white, migration of, in Iowa, 199 
Peripianeta americana, passage-time 
through alimentary tract o( 93 
Pipigtrellug gubflavug gubfiavug (Geor- 
gian bat), from loete, 239 
Prairie chicken, ndgration of, in Iowa, 
189 
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Prwura^atratlon effects on tlie dWmi- 
Iftlioii ol ^nooie by Aorobaettr indoio- 
ffoneo, 1S7 

Priiic^»te of Ihe Arcbimedeim sci*ew in 
diemical enginaering, Tha, 91 
Ptopionibacterium, oxidation of pyruvic 
ai^by* 865 

PropUmihacterium pentosaceum, 107, 366, 
367 

P. petemofiii, oxidation of pyruvic add 
by, 365 

Psjitta pharodendrae, n. sp., description 
of, 186 

Pj|y^^dae, new q;>ecle8 of, from western 
United States, 181 

Pulicidae, (family), species of, collected 
in Mexico, 835 

Pyruvic add, oxidation of, 365 

Quadratic forms, symmetric, 231 

Radiography, equipment for, with soft 
x-rays, 283 

Raman frequendes of carbon-mercury 
bcoid, 78 

Rangifer sp. (Caribou), h 3 q>othetical oc- 
currence in Iowa, 241 
Raticm, basal, biological assay of feeding 
stuffs in, for cocddium-growth-pro- 
moting substances, 243 
Reuteria bifurcata, n. 130 
R. fusieattUs n. sp., 129 
R. irrorata (Say), 129 
R, Puton: four new species from the 
United States (Hemiptera, Miridae) , 
129 

R. polUcaria, n. sp., 131 

R. querci, n. sp., 131 

Ring structure in some derivatives of 
sorbose. The, 97 

Seedlings, evergreen, fertilizers for, 293 
Siphonaptera, new spedes and records 
of, from Mexico, 335 

Some experiments with fertilizers ior 
evergreen seedlings, 293 
Some factors affdsffng the Raman fre- 
quencies of the carbon-mercury bond, 
78 

Some factors affdsting the times of solu- 
tiim of dextrose, 50 

Sorbose, ring structure in derivatives of, 
97 

Spaces, topological, linear, 373 
Spedes, new, of, Siphonaptera, from 
Mexico, 335 


Starch-enzyme digestion, imducts of, 81 
Stearic, add, derivatives useful for dbar- 
acterization of, 144 * * 

Stresses In moderately thick rectangular 
plates, 67 

Strotig]4ocoris olbibods, n. sp., 5 

S. ambrosias, n. tsp^ 5 
5 . aMUbialis, n. 2 
S. Blanchard: six new species from 
North America (Hemiptera, Miridae), 
1 

S, brsviotus, n. iq>., X 
S. hirtus, n. sp., 4 

S, palUdicornia, n. sp., 4 
Studies on chlorine didnfection, 54 
Studies on Lactobacillus cultures that 

actively coagulate milk, 95 
Studies on the fat of choddar cheese, 149 
l^tudies on the physical-dbemical proper- 
ties of honey, 100 
Study of cholesterilene, A, 329 
Sulfur analogs of furan types, 70 
Symmetric quadratic forms, distribution 
of, in normal and indef^dent vari- 
ables, 231 

Tetracha, spedes of, in Iowa, 202 

T. oirginica Linn., 203 

Theory of topological order in some 
linear topological i^ces. The, 373 
Thiamin effects in bacterial metabolism, 
365 

Thomson’s theory, application of, 25 
Toddty of methyl formate, ethylene ox- 
ide and methyl bromide in admixture 
with carbon dioxide, to the rust-red 
flour beetles, 73 

Topological, theory of order, in some 
linear toj^ogical spaces, 373 
Trioza heameri n. sp., description oi, 182 
T. farcipula n. sp., description of, W 
T. inoersa n. sp., description of, 185 
T. occidentolis n. i^., descripUcoi of, 184 
T. phorodendrae n. sp„ description of, 
182 

T. puJUa n. sp., description of, 184 
T. rubra n. sp., description cd, 185 
T. stugma n. sp., description of, 183 
TVout, hatchery, lower cost diets of, 27 
Typha angusHfcUa, habitat o^ 343 
7. angustifoiUi, Ii., in Iowa, 841 


Variables, normal and independent, dis- 


tribution of symmetric quadratic 
in, 231 


Vitamins A, B, and C, in lemna, 9 
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VttHmin A, «ibct of tnoted frti on fo- 
taney eS, 88S 
VHnnln B. 386 

Vltaiain Bi, fnnction ol^ in oHMiobte boo- 

maitflMiHfffifi, 1:07 

VBmin D, aoum o^ in owe’s miUi, 888 

Weasel, Least, occ ur renee in lews, 289 
Weasel, Iffiaae^ oocunenoe in Iowa, 240 


Whaet floor, wldte> aaaay MS 
X-iagr tiAe, fea-type, nooatnwtton of, 
869 

tfociy ttQU9^niiic wt Tsoposn^poy 
Willi, 268 « 

Yeast, imAated, oBaot li, on 
potency of ewe*a nfln^ 286 
Mac dust; tceatmeat of dioleollral wlfli, 
SSI 






